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ABSTRACT 


The macrolide antibiotics that possess complex 
substitution patterns in the medium and large lactonic 
rings constitute a particularly interesting class of natu- 
ral products, several members of which have important medi- 
cinal applications. The underlying factors that give rise 
to the common stereochemical features exhibited by these 
macrolides have yet to be determined. To date, no complex 
macrolide has been synthesized. 

A synthesis of the lactone portion (methynolide, 
25) of the macrolide methymycin (1) has been initiated. 
Our approach involves the construction of the right-hand 


(CeO Ci) and left-hand (Cy to C13) halves of methynolide 


1 
as, Sultably substituted aliphatic chains. The joining of 
the two halves, followed by cyclization, completes the 
scheme. 

This thesis reports the successful, efficient 
synthesis of the lactonic acid (=) -32, which contains all 
stereochemical features present in the right-hand portion 
of methynolide. A method has also been developed to con- 
struct the left side of methynolide. Initial model experi- 
ments for the condensation of the two halves have provided 


encouraging results. Two possible procedures to carry out 


the final cyclization are also discussed, 
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In the course of this work it became desirable 
tO effect an intramolecular epoxidation, The practicality 
of such a reaction is briefly examined. 

Lee) the muLtimate goal of vour laboratory to de- 
velop a general synthetic scheme for the macrolide anti- 
biotics, based on a stepwise elongation of a branched ali- 
phatic chain, introducing new side groups with the desired 
relative stereochemistry. Such a synthesis not only 
Should greatly assist research concerning this family of 
antibiotics but also should’ be of importance, in a more 
general sense, to the synthetic investigations of other 


naturally occurring substances, 
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CHAPTER 1 


THE STRUCTURE OF THE MACROLIDE 


ANTIBIOTIC METHYMYCIN 


Introduction to the Macrolide Antibiotics 

IneloS0eBrockmannrvand Henke1t reported the iso- 
lation of a new biologically active, basic compound from 
a Streptomyces microorganism. This substance, picromy- 
cin, represented the first recognized member of a hereto- 
fore unknown family of antibiotics, By 1956, Streptomyces 
had yielded other novel compounds (e.g. methymycin, eryth- 
romycin) whose chemical behaviour indicated a close kin- 
ship.with picromycin. At«this.:time, researchers had estab- 
lished the presence of a lactone linkage in methymycin, 
picromycin, ° and erythromycin,” incorporated in a medium- 
or large-ring system. Accordingly, Woodward? proposed the 
family name "macrolide" for these antibiotics. 

During the intervening years, so many lactonic 
natural products satisfying Woodward's original definition 
have been identified that the term "macrolide" has adopted 
recently a more restricted interpretation. The large-ring 
lactones containing a conjugated tetraenic (or longer) 
chromophore, such as amphotericin B (11), are referred to 
as polyene macrolides. The substances that have a strong 


structural resemblance to Brockmann's picromycin are called 
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nonpolyene macrolides, or more simply just macrolides. All 
other compounds (e.g. the macrotetralide 12) are termed 
pseudomacrolides. Even with this classification, more than 
fifty representatives of the macrolide class are now known. 

The macrolides are characterized by a highly 
functionalized twelve-, fourteen-, or sixteen-membered 
lactone. Oxygen-containing substituents are numerous and 
diversified. Furthermore, at least one deoxy sugar resi- 
due 1s found, linked by a glycosidic bond to the lactone. 
Usually an amino sugar is also present. Reference is made 
to several macrolides in this thesis. Their structures 
are represented collectively in Figure 1 along with one 
member of the polyene class and one pseudomacrolide. 
Definitive structures for the sugars are shown in Figure 
an 

As antibiotics, all macrolides possess antibac- 
terial activity. However only four members, erythromycin, 
Oleandomycin, spiramycin, and carbomycin (magnamycin), are 
presently being used in chemotherapy. ° Their advantage 
over the more widely used drugs lies in their low toxicity 
and the almost complete absence of side effects. The anti- 
biotics are effective mainly against Gram-positive patho- 
gens. The mode of action is primarily bacteriostatic, 
however at concentrations higher than the minimum inhibi- 


tory level definite bacteriocidal behaviour is observed. 
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Figure 1: The Macrolide Lactones 


(Nonpolyene) Macrolides 
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3: Narbomycin 5: Oleandomycin 
(R, =desosaminyl, R5=H) (R, =desosaminyl, 
4: Picromycin R,=oleandosyl) 
(R, =desosaminyl, R,=0H) HO CH, 
CH 3 
6: Lankamycin CH,COO OR, 
CH 
(R,=chalcosyl, 3 
CH CH 
R,=4-O-acetylarcanosy1) 2 3 
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Figure 1 (continued) 


7: Erythromycin A 
(R, =desosaminyl, 
R,=cladinosyl, R,=OH) 
Ste Er yehromyein, © 


(R, =desosaminyl, 
R,=cladinosyl, R,=H) 
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(R, =desosaminyl, 


R,=mycarosyl, R,=0H) 
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Carbomycin A (Magnamycin A) 


Figure 1 (continued) 


Polyene Macrolides 
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Figure 2: The Macrolide Sugars 
Per Re OS, 
HO R OH 
HO 
O CH, HO O CH, 
* 
13: Desosamine 15: Oleandrose 
(R=H) (R,)=H, R,=CH,) 
K* 
14: Mycaminose 16: Cladinose 
(R=OH) (R) =CH3, R,=CH3) 
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xx* 


17: Mycarose 


(R) =CH R,=H) 


So Nee 
Chalcose is derived by replacing the N,N-dimethyl 


amino group in desosamine with methoxyl. 


Arcanose is the Cy epimer of cladinose. 
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Although methymycin exhibits roughly the same range of 
biological action as the drugs mentioned above, its inhi- 


3 fold). Conse- 


bitory power is much less (ca. 10% to 10 
quently little interest has been shown in methymycin as a 
potentially useful drug. The macrolides have the common 
Léacurces OL Annibiting bacterial protein Synthesis at the 
ribosomal level. ° Controversy still exists concerning the 
exact step in the protein-synthesis mechanism that is 
disrupted. Influence that the antibiotics exert on other 
ei ocemvanar processes may also contribute to the macro- 
scopic eGrtects of the drugs. Little or no inhibition of 
bacterial RNA or DNA synthesis has been observed. 

The macrolides have proved to be noble adversar- 
ies for the structural organic chemist. One of the common 
Gitficulties is° the constitutional instability of the mac— 
rocyclic aglycone moiety under ordinary experimental con- 
ditions. Mildly basic conditions often lead to) noncrys— 
CalLtine acyclic products arising from cleavage ol the lac- 
tone. Macrolides containing $-hydroxy carbonyl groups 
(e.g. erythromycin A) may tend to suffer dehydration in 
bot miidly acidic and basic media.  Unrortunately, rather 
more complex alterations of the lactone skeleton often 
occur under acid conditions. The compounds resulting from 
these deep-seated changes can be intriguing and their struc- 


tures may suggest certain conformational properties of the 
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macrolide. Finally, the varied substitution pattern of 
oxygenated functions about the ring results in certain 
chemical procedures working for one macrolide but not for 
another. For instance, in order to simplify the problem 
of determining the constitution of a macrolide, it has 
been found desirable to free the aglycone portion of the 
Sugar residue(s). The glycosidic bond of amino sugars 
such as desosamine (13) is abnormally stable. More string- 
ent acid conditions must be used to effect cleavage. In 
the case of methymycin it is possible to remove desosamine 
and successfully hold the aglycone system intact. However 
with erythromycin A the mildest conditions that remove 
desosamine result in extensive degradation of the 14- 
membered ring.’ 

Once the constitutional nature of a macrolide 
has been established, definition of the absolute stereo- 
chemistry of asymmetric centres in the lactone presents 
a second major problem. The chemist must be able to ob- 
tain fragments of the ring in a way that there has been 
no chance for epimerization of the asymmetric carbons 
isolated in the fragments. A priori, one may indeed sus- 
pect that the configuration of the methyl group at Co lve 
picromycin, which is straddled by two carbonyl functions, 
would demand great care to preserve. Of the aglycone ring 


Carbons in erythromycin A, 85% are chiral. To identify 
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rigorously the one correct stereoisomer from 1024 possible 
candidates becomes so overwhelming that to date, of the 
more than 25 constitutionally established non-polyene mac- 
rolides, only one, erythromycin A, has rigorously defined 
stereochemistry. This resulted from an X-ray analysis of 
its hydroiodide, ® which is to date the only derivative of 
a non-polyene macrolide that has been obtained in a crystal- 
line form suitable for single-crystal X-ray analysis. 
Recently Ganis, Avitabile, Mechlinski, and Schaffner repor- 
ted the X-ray structure of the N-iodoacetyl derivative of 
the polyene antibiotic amphotericin ibaa 

The configurations of other macrolides have been 
proposed on the basis of strong chemical and spectroscopic 
evidence. The methods used have included: (1) the cor- 
relation of degradation products with substances of known 
absolute stereochemistry, (2) ORD, (3) molecular rotation 
differences, but most especially (4) nmr spectroscopy. 
Nmr analysis has proved so valuable primarily because of 
two facts. Firstly, the aglycone portion of several mac- 
rolides containing a 14-membered lactone have single con- 
formations in solution, which are similar enough to one 
another to permit nmr correlations. Thus a comparison of 
the nmr spectrum of lankamycin (6) with those of the’ con= 
formationally similar erythromycins has helped determine 
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constants between vicinal protons are either small (1-3 Hz) 
Oravlarges(%-lIAHZ)e SASeasresult,s conclusions: may often 

be confidently drawn concerning the relative stereochem- 
istry of vicinal substituents. It is well known that such 
factors as ring strain, the presence of polar groups, and 
the specific orientation of those polar groups may influ- 
ence significantly the observed vicinal coupling constants. 
A macrolide with a highly substituted lactone would be 
expected to be strained, because of both the inherent dis- 
tortion in the parent ring system itself and the mutual 
crowding of the ring substituents. Furthermore all macro- 
lides possess polar groups. Therefore the interpretation 
of vicinal coupling constants in the range 4-8 Hz may be 
dangerous. Certainly if a conversion of coupling con- 
stants into dihedral angles is required in these intermed- 
lary cases, then critical studies of closely related sys- 
tems must be included. Conformational assignments based 
on nmr, ORD, or molecular rotation differences cannot be 


considered as rigorously proved. 


CONSELCUCLON Of Methymycin 


Methymycin (1) was the first macrolide to have 
its constitutional structure elucidated (1956). This 
pioneering work was carried out with efficiency by C. 


Djerassi and his colleagues. However fourteen years 
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elapsed before a completed picture (see below) of the anti- 


biotic was proposed by Rickards et aa Perhaps one 


reason for the slow progress on methymycin's stereochem- 
istry is that the antibiotic fell into disfavour with 
Organic and biological chemists when it became apparent 
by 19608that ite had no chemotherapeutvcaweuti. | Ihe struc— 
ture and stereochemistry of the desosaminyl residue were 
determined by the standard methods of carbohydrate chem- 
istry and will inot be“discussed"in this ‘chapter: 

By 1953 a group of researchers at The Squibb 
Institute for Medical Research reported the isolation of 
a new crystalline metabolite, methymycin, from Streptomyces 
venezuelae.?? This substance exhibited activity against 


certain Gram-positive bacteria. The same chemists charac- 
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terized methymycin as a dextrorotatory base with an empi- 
DLcals LOormula C55H,3NO.. The uv spectrum indicated the 
presence of an a,$-unsaturated carbonyl chromophore. This 


was supported by ir absorptions (CHCl at 1681 and 1628 


3) 
cmt, and by polarographic studies. The ir spectrum also 
contained a strong hydroxyl band (3413 cm +) and a second 
carbonyl sstretching band» (1719 cm +) that was later ascribed 
by Djerassi and coworkers?74 to an ester or a lactone. 
Standard degradative procedures showed the presence of at 


least six C-methyl groups and of a tertiary dimethylamine. 


This information is summarized below: 


lt 
-CH=CHC- 
O 
lI 
-CO- 


methymycin (C NO.) at least 6 C-CH 


25443 3 


C-N(CH,) 5 


at least 1 OH 


Two years later Djerassi et no extended 
the work of the Squibb group and successfully pieced 
together the facts into a total structure. Hydrogenation 
of methymycin over a palladium on charcoal catalyst in 
ethanol reduced the carbon-carbon double bond, giving 


dihydromethymycin (18). On the other hand, hydrogena- 
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methymycin ———» dihydromethymycin (CH.,CH C=) 
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1 18 
tion under more severe conditions led to two products, 
tetrahydromethymycin (19) in which the a,f-unsaturated 
carbonyl had been reduced to the corresponding saturated 
alcohol and a hydrogenolysis derivative, tetrahydrodesoxy- 
methymycin (20), in which some oxygen other than the one 
of the unsaturated carbonyl had been lost. Dihydromethy- 


mycin (18) was reduced cleanly by sodium borohydride to 


tetrahydromethymycin (CH,CH.,CHOH) 

19 

+ 
tetrahydrodesoxymethymycin (-O, CH.CH.CHOH) 

20 
19 which reacted with perbenzoic acid to form only the 
corresponding N-oxide. All elements of unsaturation in A 
had therefore been accounted for. As a result methymycin 
contained two rings. 

Two acetylable hydroxyl groups were pari of i. 


Neither could be oxidized to a ketone. 
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ab —_—_}> methymycin diacetate 
21 

Methymycin was inert to periodic acid. However 
by" first reducing the® antibiotic withe lithium aluminum 
hydride and then adding one equivalent of periodic acid, 
a good yield of propanal was obtained. Thus methymycin 
contained a masked glycol in which one of the hydroxyls 
was protected as the ester or lactone. On this evidence, 
the structural fragment <2 was then considered part of 


methymycin. The free OH was assumed to be tertiary to 


HO 


ena 
Le 


account for its resistance to oxidation. 

By this stage in the investigation, it was evi- 
dent to Djerassi that the chemical properties of methymy- 
cin strongly resembled those reported for the antibiotics, 
erythromycin? (7, 8, and 9) and picromycin (4). Both lat- 
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ter compounds were known to contain a lactone linked by a 
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glycosidic bond to a basic sugar, desosamine Glia e In 


addition, picromycin was thought* to have the chemical 


composition Co5H43N0,, identical to that of methymycin. 


In fact Brockmann and Oster? had advanced a working model 
(23) for the degradation product cromycin (= picromycin - 


desosamine). The American workers had accounted for five 


HO GH CH. CH O 
7 | | 3 il 
CH CH. CHCCH == CHCHCH,CHCH = CHC 
O CSC 
23 


of the seven oxygens in i. They reasoned that if methy- 
mycun edad, belong toethis'tgroupcot liactonicwantibiotics; 
then the remaining two oxygens might be present as an 
acetal we LNs was sO. “Careful hydrolysis ior 1 in aqueous 
sulphuric acid provided the desosamine salt as well as a 
20% yield of the freed aglycone fragment, methynolide (25, 


C1 7H, 205). Little doubt remained that methymycin was a 


*Not until 1968 was the molecular formula of picromycin 


14,15 
corrected to C, gH, 7NO,. 
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1 ———~> methynolide + desosamine 
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Wactonic antibiotic. 

The newly liberated hydroxyl in 25 was oxidized 
to a ketone. When the product, dehydromethynolide (26), 
was treated with aqueous base and then acidified, 0.6 mole 
equivalent of carbon dioxide was evolved. The result 
places the desosaminyl residue on the carbon 8 to the lac- 
tone carbonyl. The partial structure of i was elaborated 
to 27. The results of two more reactions gave the infor- 
mation necessary to complete the picture. 

The first key was the degradation of methymycin 


byvalkali stusion, (KOH, 360°): to 274,6-trimethyl-2—-cyclo= 


hexenone (28). On the assumption that 28 likely arose 
HO R 
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of an appropriate aglycone fr 


and 1) to extend partial structure 27 were suggested. 


lid hr 


a Claisen-type condensation 
agment, two possible ways (29 


The 


second method led to a potential total structure for methy- 


mycin. 
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Mild permanganate oxidation of methynolide (25) 
provided the final evidence required to firmly fix the 
structure of methymycin as indeed i. Excellent experimen- 
tal work resulted in the isolation of three crystalline 
substances, 30, 31, and 32. Characterization of the pro- 
ducts revealed the following interrelationships. 

The smallest fragment (32) was identical to a 
lactonic acid isolated earlier from picromycin and narbo- 
mycin by V. Prelog et Aide These workers had identified 
32 as the 6-lactone of 3-hydroxy-2,4,6-trimethylheptane- 


dioic acid. These findings were completely in accord with 
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structure 1. Furthermore, the interconversions and pro- 
perties of 30-32 were so demanding that methymycin had to 
be 1. From the structural assignment for 30, the origin 


~ 


of 31 and 32 becomes apparent. 


20. 
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Before discussing the stereochemistry of the 
antibiotic, an interesting aspect of methymycin's chem- 
istry should be mentioned. Djerassi had observed during 
the initial attempts to isolate methynolide by acid hydro- 
lysis, sthat the use of “aqueous, hydrochloric acid Or of 
methanolic sulphuric acid led to products which showed no 
evidence of an a,f-unsaturated ketone chromophore. With 
the structure of methymycin established, Djerassi was 
able to present strong evidence that these undesired sub- 


stances were the spiroketals 33a,b. 
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Apparently the aglycone fragment is stable as long as it 
retains the double bond. However once the double bond 
has been removed, the additional flexibility in the new 
system makes the carbonyl exceptionally prone towards 
andace.. —Inwrace 


3 10 
results suggest that dihydromethymycin (18) exists largely 


abtack by they hydroxyd, groups on. C 


as the hemiketa ts 


Absolute Stereochemistry of Methymycin 


It was stated in the preceding section that 
Prelog has isolated the same (+)-lactonic acid (32) from 
permanganate oxidation of picromycin and narbomycin as 
Djerassi has from methynolide. The degradation studies?® 
that established structure 32 also defined the relative 


stereochemistry of the Cy- and Co-methyl groups as cis. 


re) 
CH 
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(+) -32 34 


Pyrolysis of the lactonic acid and subsequent ozonolysis 
gave meso-a,a'-dimethylglutaric acid (34). 
Two years later Djerassi and coworkers /# repor- 


ted the structure of neomethymycin (2), an isomer of 
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methymycin. The stereochemistry of carbons 2, 3, 4, and 
6 of neomethymycin and methymycin had to be the same since 


the aglycone of the former was also oxidatively broken down 


£o (+)-32. Under certain conditions, acid hydrolysis con-— 
Verred neomethymycin to. So slinenign yields ene Fronm.35:, 
O 
SFR We3 
Soe NAIMME tea he 
CH, CH3 CH, 
Ge(0) 
35 
ets 
HOOCCH.,CHCOOH 
(=)—5-36 
Cy Was successfully isolated as” (—)-S-q-methylsuccinic 
acid (36). Consequently Cy of methymycin had the S config- 
Usation and it followed that Ce had R. 
In 1963 Bergel'son and Batrakov+°4 claimed a 


synthesis for the racemate of the Djerassi-Prelog lactonic 
acid (+)-32. Later, based on evidence from an nmr study 
and from degradative work on this synthetic lactone, they 
concludeal® that the stereochemistry at C5 and C3 of 


methymycin is S and R respectively. These results were 
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Opposite to the prediction made earlier by Celmer on the 
basis of his "model" for macrolide stereochemistry. (Both 
Celmer's and the Russians' work are discussed in greater 
detail in later chapters.) 

Because of the unexpected configurational assign- 
ments at C., and C3 and because the identity of the Djerassi- 
Prelog (+)-lactonic acid with the synthetic racemate had 
been based solely on solution ir spectra, Rickards and 
smith?? in 1970 reinvestigated the problem. They also 
used nmr analysis extensively but the subject of their 


Study was authentic natural Lactonic acid ()-325 The 


Vicinal coupling constant J3 4 in both the lactonic jacid 
’ 
and its methyl ester was 10.0 Hz. The authors concluded 


that H, and H, are anti-periplanar and the S configuration 


was ascribed to C3. To gain insight into the orientation 


of the C.-CH, 


hydride reduction, ketalization, and acetylation into 38, 


group, 37 was converted by lithium aluminum 
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a compound in which C., has become incorporated into a 1,3- 
dioxolane ring. For clarity, the numbered carbons of the 
lactonic acid have been transposed into 38. Relevant nmr 


vicinal coupling constants were: Jis,2 1°? HZ, oor 


Zoo Hzand J, 372-3 Hz. As ail three values are small, 
v 


the authors stated that H. was syn-clinal to both Cy pro 
tons and to H. Of the two structural orientations, 38-A 
and 38-B, consistent with the above, the latter was elim- 
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inated as conformationally unrealistic. The stereochem- 


38-A 38-B 38-C 


am hepakle Tole C. isstherefore RK. Rickards and Sinith gfurther 


mentioned that the observed chemical shifts and coupling 


constants for 38 are very similar to those reported for 
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other substituted 1,3-dioxolanes.?+4 Bergel'son and 
Batrakov apparently erred in concluding that their syn- 
thetic lactonic acid was the racemate of (+)-32. 

Only the stereochemistry of the double bond, Cior 
and Cia in methymycin remained undetermined. The nmr 
spectrum of methymycin established the double bond as trans 
while ozonolysis of the antibiotic led to the isolation of 
Cig and Cia as (+)-2,3-dihydroxy-2-methylpentanoic acid 


hog) ae Compound) (+) —39 was) identified as thererytniro 


CH. COOH 
HO 
OH 
CH, 
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isomer when it was compared to authentic (+)-erythro-39. 


Pinaglederinition of tthe chirality at) C and Cia as S and 


10 


R respectively was possible when (-)-erythro-39 was cor- 


related through 41 with (+) -S=butyrine (40).5 The struc= 
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CHAPTER’ 2 


A MODEL FOR MACROLIDE STEREOCHEMISTRY 


Introduction 

By the early 1960's it had become increasingly 
apparent to several teams of researchers that among the 
macrolides that had been constitutionally defined, there 
were intriguing similarities. The lactone rings of the 
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erythromycins A, B, : and sc; ‘ oie en nee narbomy- 
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Cin, and the 12-macrolides, methymycin* and neomethy- 


ou all follow perfectly a biogenetic scheme 


pea ey 
mycin, 
involving a poly-8-ketone precursor, built up predomin- 
antly or exclusively from three-carbon subunits. The lac- 


tone carbon skeletons of the above macrolides are schem- 


atically shown below. Emphasis is placed on the subunit 
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make-up. Furthermore each of these antibiotics contains 
the amino sugar, D-desosamine. The §$-configuration at the 


anomeric centre had been established in erythromycins estes 


23,20 23,25,26 The lactone of 


and B and in oleandomycin. 
erythromycins A and B and of oleandomycin are also linked 
by a glycosidic bond to a neutral 2,6-deoxy sugar with the 


ee 720 Finally, close stereochemical 


a-L-configuration. 
relationships among macrolides have been convincingly demon- 
strated by the isolation of the Djerassi-Prelog lactonic 
acid (+) -32 from methymycin, neomethymycin, picromycin, 
and narbomycin (see Chapter 1). 

The combined weight of the above observations 
led W. D. Celmer to suggest in 1964 that one should be 
able to decipher a common pattern of stereochemistry that 


. During the following 


would be obeyed by all macrolides. 
two years Celmer pieced together a model that was to even- 


LudleveveLrity NrsrdaLring prear ction, 


The Model 

Many macrolides contain oxygen functions at 
unexpected sites on the aglycone ring, that is, sites that 
do *not-ecorrespond to carbonyl? locations “an ~the poly -6- 
ketone. These special, "extra"> oxygens are thought to 
originate from oxidations at a late stage in the scheme 


for macrolide biosynthesis (see Chapter 3). During the 
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construction of his model, Celmer was concerned with the 
configurations of alkyl substituents and with the configu- 
rations of asymmetric centres that bear oxygen functions 


derived from the carbonyl groups of the poly-8-ketone (47). 


CH,CH.COOH 
| 
—s HC~—OH 
i one CH,—CH 
= ==) HC-OH 
CH.—CH ced CH.—CH ee a CH.—CH 
= 5 =0 HO-CH 
CH,CH, CH,CH, CH,CH, 
46 47 48 
25 


Ate ehe Initiation Of Mis work, Celmer appre- 
ciated the significance of previous evidence revealing 
that bio-oxidations take place with retention of configu- 
ration. This inferred that any orientation of a methyl 
group at a chiral, lactonic carbon, predicted by a stereo- 
chemical model, should remain unaffected when a hydroxyl 
group (an extra oxygen) is introduced at that centre late 
in the macrolide biosynthesis. For instance, Celmer's 
model was to predict the configuration of Cio in the 12- 
macrolides as shown below in Fischer projection (49). 
Oxidation, ac Cio during the biosynthesis of methymycin 
should leave the orientation of the Cj 7methyl unaltered. 


fn 5072 has the S configuration which is in agreement 
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with experimental results. 
Several points concerning macrolide stereochem- 
istry were known in 1964 when Celmer started this work. 
Firstly, the four asymmetric centres in the Djerassi- 
Prelog] Llactonic acid (+) -32 corresponded to Cor C2, Cyr 


and Ce in methymycin and neomethymycin, and to Cyr Coy 


Cer and C, in narbomycin. Celmer proposed that the chiral 


8 
centres of the First two 12-macrolides could be brought 


into line with the corresponding carbons in the 14- 
macrolide by assuming that the penultimate three-carbon 


unit had been skipped during the biosynthesis of the 


twelve-membered ring (see ayy 23725 Furthermore the 


chiral centres at Cy and Ce in (+)-32 had been unequivo- 


cally assigned R and S respectively.1/¢'2 Applying Hudson's 


Lactone Rule to (+)-32 (below in Fischer projection), Cel- 
mer tentatively designated it as a D-lactone, thereby 


ho A rudimentary model 


assigning an S-C. CON Laure Ga On. 
Could, then be written in, Fischer projection, as 51. 


Secondly, stereochemical work on several centres 
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in erythromycin A had been reported in 1956 by Gerzon et 


| aie-* Their studies had been concentrated on the aglycone 


derivative, dihydroerythronolide A (52), in which the 


ketone at Cy had been reduced. The- “starred” -carbons 


in 52 are the centres at which Gerzon suggested absolute 
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stereochemistry, The chiral carbons 2, 3, and 4 were iso- 
lated in the optically active lactone Sja. Reduction of 


93a produced an optically inactive triol 53b, thus estab- 
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lishing the relative stereochemistry of the two methyl 


groups as meso. The trans relationship of the C,-hydroxyl 
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and the methyls was favoured since 53a had proven surpris- 
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ingly resistant to g-elimination. A second lactone (54a), 
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was also isolated from 


thevdegradation Of 522° ~The) triol S4baderived trom 54a 
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still possessed optical activity. The two methyl groups 


in 34a hada tobe trans. | Finally, cinterprecation ofecne 


optical rotation values of 53a and 54a and of their hydra- 
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zZLiaes (53¢c, 54c) led Gerzon te propose 


of 53a and 54a, shown above in Fischer 
configuration of Ci 3 in 52 was defined 
SEvOpLical, LOcacLon data. 
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ate the partial model 51 by now adding to it stereochemical 
designations at Coy C3, Cyr Cig? and C)3 (see 95). The 
configuration proposed by Gerzon at Coy in 52 was consis- 
tent with Celmer's first partial model (51). Only chiral- 


Ley at Ci and Cio remained undefined, although many of the 
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assignments in 55 required further support. 


At the same time that he presented his model, 
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Celmer reported preliminary results concerning asym- 


metric centres in the 14-macrolide, oleandomycin (5), con- 


stitutionally elucidated in Se Degradation of anhydro- 
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Oleandomycin (56) yielded a 3-acetoxy-2-methylbutanoic 
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ment transformed 57 into the known compound, (25:3R)-2- 


acetamido-3-acetoxybutane (58). Moreover, by starting 
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_ respective chirality preserved, could be isolated in a 


Single compound, the Synthetic sugar 60. The known con- 


figurations at C and C 
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ments firmly fixed the orientations at C and C as shown 


nmr analysis, 
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in 59 and 60. Celmer was now able to complete his model 


(61). The above experiments confirmed previous assign- 


ments 1o, Cc and C pW tse 
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quently made in 61. There appeared evidence?” that Gerzon 


might have misinterpreted the optical rotation data of the 
lactones 53a and 54a and their hydrazides (53c, 54c). A 
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reinvestigation of the problem led Celmer to conclude that 
ope cy. 


the configurations of Cor Ca, and Cy must be reversed. 
The revised model now stands as 62. 

The key assumption made by Celmer in 1964 was 
that the 12-macrolides can be correlated to the 14-macro- 
lides by theorizing that the penultimate three-carbon sub- 
unit has been skipped in the biosynthesis of the poly-§- 
Ketone. gihe biosynthesis of “the 16-macrolides) (e.g carbo- 
mycin A, 10) is known to differ from that of the smaller- 
ring antibiotics in one major feature. The poly-g-ketones 
are derived largely from two-carbon units. A consequence 
of this difference is that the sixteen-membered rings pos- 
sess substantially fewer chiral centres. Nevertheless, 
where a three-carbon subunit has been incorporated into 
the poly-g-ketone, the stereochemistry of the methyl group 
iS 2neaccord wrehscéimerts(model, ~Furthermore;*the stereo= 
chemistry of the hydroxyl groups that originate from bio- 
reduction of the carbonyls of two-carbon subunits is also 
predictable. Celmer made the correlation between 62 and 
the 16-macrolides by postulating the insertion of an extra 


two-carbon unit between the third and fourth subunits of 


62. Figure 3 presents the model as schematic 63. Several 
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macrolides are included to illustrate the congruence of 
' the skeletal stereochemistry. 


The model as presented below was confronted with 


Figure 3: Stereochemical Correlation 


of Macrolide Lactones 
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at least six contradictions based on experimental work. 

In one case, mentioned earlier in Chapter 1, Bergel'son and 
Batrakov?® published evidence that C5 and C3 in methymycin 
nad wespectively the =S sand Reconiigurations. cin 1970 
Rickards and Smiths —% brought C. and C. Into: accord by 
reversing the assignments. A second, more dramatic example 
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mycin A, Woodward reported the localization of Cy sig) 7 Gate 
‘a-methylsuccinic acid. Consequently Ce was ascribed the 
S configuration. Faced with a contradiction based on 


seemingly irrefutable experimental evidence, Celmer asked 
Professor Woodward to reexamine the a-methylsuccinic acid. 
The acid proved to be, in fact, the a See 
At present no macrolide has been shown to have 
stereochemical features that confront 63. 
In conclusion, the model depicts: (1) the chir- 
ality at lactone centres bearing oxygen functions that 
are derived from bio-reduction of the carbonyl groups in 
the poly-f-ketone, (2) the chirality of alkyl substituents 
at lactone centres, (3) all carbohydrate components as 6- 
deoxypyranosides with identical chirality (either B-D or 


a-L) at the anomeric carbons, and (4) C,. (or its equival- 


5) 


ent) carrying a B-b-glycoside. The model makes no predic- 
tion of either the chirality at exocyclic centres (see 
neomethymycin and lankamycin) or the chirality of an extra 
oxygen attached at a ring carbon originally a methylene 
group of an acetate subunit in the poly-§-ketone (e.g. 


C, of carbomycin A, 66). 


4 


ae va _ 
pt bala An 
ect aby 3° " ie wy ait be. 


ous betlisoan’ aaw .) samaivesge 
Pe 
go Gaeed mpditeiibbeeainib, § ee: ici pare z 


heres soniss _spdabive feaneinh4 ri Ydenimese 

bios cl sRonbaks ydaish nm, atts wet = ae ata eo 
be tiios a 

sted oy qwone mead ed. Shit Sis Pi ir Aly 


Ad i he ‘sed pea: =? De hikadocions® +B 


Ee aime 8 sel" SA% ,I08F at 1s 


@ 
«shin sut (Db) set0IGE Bi tsbs a aed - tethees to! ait _ 
i Pies. ae 
fous ior sont asnyKe: patseed a6" ‘tog actontd 
ia 
nt eqpose! Iviouyveo atid ito \jiot2 sullen oft caine 


weir, 
mais) 


attevtitedds ivale ao Vihiszino ehs tga 
—A 2s eanehoqmag sip tbydod1seo Cin tb) .aettrieg appt gs 


or 
20 Get sels re) qiite sa in teois ne: diptw eee | ax" 
~lbeviups e7L 101. a. 6) “Bae (baat see -sdn05 a 


. 


=sibesq od aes Lohom sift tlaositing! 
$9n) sautno9 93 Sayin 46 yiilesins wae sagen 

e33ne@ ne, TO yothagis eae _ Cone aos 
ral sr 5 eEtadpiae modes a a ee 1 ba 


| opis) Wh Aeih 


Plele 
CHAPTER 3 


BIOGENESIS OF MACROLIDES 


Introduction 

Whenever a particular family of naturally occur- 
ring substances is found to have important medicinal pro- 
perties, there usually follows intense interest in unravel- 
ling the course of its biogenesis. Often even very rudi- 
mentary knowledge of the biosynthesis suggests changes in 
the nutrient composition of the medium on which the micro- 
organism is grown, that may lead to greatly enhanced yields 
of the antibiotic. Such was the case with the macrolides. 
Not only had several members of this family important 
clinical applications, but also their structures were 
unique. Although some simple macrocyclic lactones, such 


a had been isolated from plant sources, 


as pentadecanolide, 
the known occurrence of large-ring compounds in nature was 
extremely limited. The macrolides had other outstanding 
properties. Antibiotics such as methymycin and erythro- 
mycin were highly substituted with methyl groups and with 
Oxygen functions. In addztion, rare Sstigars were often 
baLerol tne. Structures, 


One of the first stages in a biogenesis study is 


the identification of the primary building units that com- 
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bine to form the basic carbon skeleton. Often there are 

/ Several units that are biologically equivalent (@.g. pro- 
pion ceacid;, succinic acid jand methyimalonic acid), i.e. 
constitutionally different compounds, each of which can 

be envisaged to lead to the same natural product by a bio- 
logically realistic process. Moreover, the equivalent 
units may be reversibly interconvertible. As a result, 
experimental data must be interpreted cautiously. The 
advent of radioactive tracer techniques during the 1950's 
has greatly accelerated research into biosynthesis. 

Later stages of investigation are concerned with 
the identification of discrete intermediates lying between 
the elementary building units and the final antibiotic. 
One technique employed is to block the biosynthetic pro- 
cess at various stages by chemically mutating the micro- 
organism. The hope is then that the process will proceed 
normally up to the blocked step(s) but stop at that point, 
thus allowing intermediates to accumulate to concentrations 
that permit their isolation. The mutation process is 
often not very specific and the change induced in the 
microorganism might be such that "intermediates" isolated 
belong to a normally unimportant, secondary pathway. Even 
more confusing situations arise when the "intermediate" 
is in fact an abnormal metabolite that is reversibly con- 


nected to a true intermediate. 
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Several studies concerning the biosynthesis of 
methymycin have been reported but progress towards the 
understanding of how macrolides are formed has come pri- 
marily from studies of erythromycin production in S. ery- 
threus. Because of this, most of the discussion to fol- 
low deals with the biosynthesis of the erythromycins. 

The origins of the lactone and the sugars are considered 


separately. 


Biogenesis of Macrolide Lactones 

The head-to-tail condensation of acetate units 
to form a poly—-G-keto acid, (e.g. 67) followed by subsequent 
cyclization and dehydration was a hypothesis first advanced 
in 1907 by J. N. Collie to explain the biosynthesis of 
aromatic natural products.>> Much later, during the 1940's 
and early 1950's, it was indeed shown that acetate resi- 
dues are the primary building blocks of not only aromatic 
compounds (e.g. eleutherinol, 68) but also of tatty acids 
(e.9. Palmitie acid, 69). By analogy, K. petro and R. 
Robinson?’ suggested that similar compounds which appear 
to contain an extra methyl group might be formed by the 
INCorpoOration, Of a propionate unit. (or its biological 
equivalent) in the place of an acetate (the Propionate 


Rule). Later, with the elucidation of the carbon skeleton 
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il 5 "W 
8 CH,COOH —_—_—__> CH, (CH,) COOH 


14 


(42) of the erythromycin lactone, Gerzon et ane? and 


Woodward? recognized that 42 follows perfectly the three- 
carbon regularity defined by the Propionate Rule. 


Birch et Shige 


Suggested an alternative scheme 
for macrolide biosynthesis, in which the basic carbon 
structure of the lactone is derived from acetate units. 
The methyl groups, originating from one-carbon donors, are 
then inserted at the activated methylene positions along 
the poly-g-keto chain. 


The first evidence to show that the lactone por- 


tion (erythronolide) of erythromycin* is more closely 


*In many of the papers dealing with the biogenesis of the 
erythromycins, it is not clear whether the authors have 


studied erythromycin A or in fact the mixture of the 


erythromycins (A, B, and C) obtained from S. erythreus. 
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related to propionate than to acetate was supplied by 
‘Vanek and coworkers in Hosmer They demonstrated that 
radioactive propionate was incorporated into erythromycin 
to a much greater extent than was labelled acetate. In 
both cases only the lactone contained radioactivity. The 
basic three-carbon substructure of erythronolide was con- 
firmed later in numerous laboratories. 

When S. erythreus was incubated in a medium con- 


Caining propionic actdel= cae on Grisebach and coworkers - 


found that the isolated erythromycin had a ace Fe ratio 
only 13-26% smaller than the ratio in the labelled propi- 
onic acid. If the three-carbon unit had first to be cata- 
bolized to acetate (or its equivalent) before use, then a 
more significant change in. the,ratio, would have resulted. 
Degradation of the lactone derivative, dihydroerythrono- 
lide (70 depicts dihydroerythronolide A), outlined in 
Scheme 1, and examination of the radioactive products indi- 
cated that propionic acid had been incorporated efficiently 
With OnLy minumadl scrambling of the labels, In other 
words, propionic acid had been utilized as the intact, 
three-carbon unit. Independent work carried out by Czech 


researchers‘ using propionic Reid. 7c and yby Corcoran 


and coworkers using propionic cibicl keels Sy heer and 
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Scheme 1 2 


é + t ‘i 
HO OD sCh- OR CH POLO SCH Ohgey 


aie ie aed i 31 7 3 ere peo si 
CH.,CH.CH=C=-CH-CH=CH—CH-CH.— C—CH=CH—CH=—CH 
care) } * x x 2 | * x 
CHT CHT 
O Ce 
* 
70 
1) hydrolysis Kuhn-Roth oxidation 
2) 10, 
oe CHO : : C C : 
3 2 + CH.COOH CH,CH., COOH + 6 CO, + 6 CH, COOH 
woo 14 wow 3 
a) *'" marks the CG tabel= "1" marks “the Ho label. 


In contrast to the efficient incorporation (up 


to 69%) of propionate in erythromycin, acetic acid-2-""c 


43 Ge 


is used to less than ee and complete randomization 
the label in the acetic acid derived from Kuhn-Roth oxida- 
tion of erythromycin is observed. These results rule out 
Birch's acetate hypothesis. 

Formate, methionine, and succinate were also 


42b,44 Formate was not incor- 


examined as carbon sources. 
porated at all while methionine proved an efficient reag- 
ent only for the sugar residues. Succinate was utilized 


weakly but to a somewhat greater extent than was acetate. 
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Since a deeper understanding of macrolide biosyn- 
' thesis arose directly from progress in the field of fatty 
acid synthesis, some brief comments concerning the produc- 
Eton sonatatty acids (e.g. 69) follow. For review articles 
the reader is directed to reference 45. 

Until the latter half of the 1960's, it had been 
assumed that the biologically active Unite ian ‘Collie"s 
Polyacetate Rule was the coenzyme A thiolester of acetic 
acid (71, acetyl-CoA). In the presence of §8-ketothiolase, 


two acetyl-CoA molecules condense to form acetoacety1-CoA 


(72). It was discovered, however, that this reversible 
i on 
i 
2 CH,CSCoA == CH,CCH,CSCoA + HSCoA 
[Bit q2 
ne rete ie 
eq'm 


condensation does not accurately represent the course 


of acetate polymerization during fatty acid biosynthesis 
--a result that is not too surprising in view of the ther- 
modynamic disfavour of the forward reaction. One of the 
two acetyl-CoA molecules is first converted into the more 
activated species, malonyl-CoA (73). Then, in the pre- 
sence of a multienzyme complex, fatty acid synthetase E- 


SH (SH represents the hydrosulphide binding site), acetyl- 
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CoA and malonyl-CoA condense to form an enzyme-bound ace- 


_ toacetate molecule (74). Reduction of the §$-keto group 
O O 
1 I T) T 
CH,CSCOA AF reps be + HS-E = CH,CCH.CS-E AF CO. + 2 HSCOA 
COOH 
peat gs ga 
K = reals 


eq'm 
in 74 produces butyryl-enzyme (75) which may then condense 


with a second molecule of malonyl-CoA. The sequence of 


O 
I 
ae See ES a= CH.CHCH,CS~E ——> CH,CH,CH,CCH CS=E 


des 76 


reduction and condensation continues until the enzyme com- 
plex finally releases the fatty acid. The net result is 
that a primer unit of acetyl-CoA marks the tail of the 
fatty acid, all other two-carbon units being derived from 
malonyl-CoA. 

Lynen*>* postulated that the lactone of erythro- 
mycin might be derived in a similar way from a primer unit 
of propiony1l-CoA which initiates a stepwise condensation 
with six molecules of methylmalonyl-CoA. Carbons 13-15 


of the final lactone would originate from the single pro- 


pionyl-CoA unit. 
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Kaneda, Friedman, and Corcoran*® demonstrated 
that the preliminary processes implicit in Lynen's proposal 
werevoOperativenin Oo. \erythreus, After incubation. of pro- 
pronic Medals c with the microorganism, the authors were 
able to detect the presence of methylmalonic endo oe 
This result shows that conversion of propionate to methyl- 
malonate can occur. The lack of scrambling suggests the 
conversion to be rather direct. Additional results showed 
that propionic acid and methylmalonic acid can be meta- 
bolized as the coenzyme A esters. 

To test Lynen's theory Grisebach, Hofheinz, and 


ener vache. 


Steels and degraded the resulting antibiotic to dihydro- 


incubated S. erythreus with propionic acid-1- 


erythronolide (e.g. 70). Saponification of dihydroerythro- 


nolide followed by periodate cleavage gave C13 Crar and 
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Cis aS propanal and Cio and Cioa as acetic acid (see Scheme 
1, page 44). Of the total radioactive content (ec or 34) 
in dihydroerythronolide, an incredible 55% was found in the 
propanal. Lynen's theory can explain the result by assum- 
ing, that ree 34] -propiony1-CoA initiated the biosynthesis 
efiiche Mactonemands thatethe bulk of the methylmalonys—CoA 
originated from what was initially contained in the cells. 
To support this view, the workers found that feeding pro- 


Teese oh LO resting cells of 3. erythreus 


pionic acid-l- 
produced erythromycin in which the radioactivity of each 
label was equally distributed among the seven three-carbon 
units. By repeating the experiment with resting cells, 
but adding unlabelled methylmalonic acid as well as the 
labelled propionic acid to the culture, the proportion of 
radioactivity in the propanala@rose from 1/ to 30%. Addi= 
tional evidence was reported independently by Corcoran 
and coworkers, 7° 

The building blocks of erythronolide now defined, 
attention was directed towards the elucidation of inter- 
mediates along the biogenetic pathway. The lactones of 
erythromycins A and C are identical and differ 
Exomeethat (80) of erythromycin B by having an extra oxy- 


genc at Cc Erythromycins A and B both contain D-desos- 


Wey 


amine and L-cladinose whereas erythromycin C differs from 


A only in the C, sugar, L-mycarose, the O-demethylcladin- 
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Coca Vl lLdestrains Ol > -erytuhreus, coproduce all three 
-erythromycins, Therefore it was suspected that all share, 
by and large, the same synthesis. 

Tardrew and Nymen*® reported in 1964 the isola- 
tion of the free aglycone of erythromycin B, erythronolide 
B (80), from chemically mutated strains of 5. erythreus that 
had a partial block in the biogenetic pathway to the anti- 


bioties, Hor studies to determine whether 80 is a true 


80: R)=0H, R,=H (erythronolide B) 
81: R =H, R,=H 
Oa R,=0OH, R,=a-L-mycarosyl 


intermediate, Hung, Marks, and merdvew: selected a high 


erythromycin-producing strain of S. erythreus. During the 
incubatLon Of this strain) With, propionic acid de 6c no 


evidence for the intermediacy of erythronolide B (80) 
could be found. However radiochromatography of the broth 


extract did show that a single, labelled compound I (uni- 


4 a a) 1 fo 7 
; 7 _ 
: : | 7 : 
- i ‘ ta 


_< 
lca oh 7 y 


otuler iis dedi HeTyegeUe Us vf oo 
; oe atowitiagis * yee aes 
«~$1& ak ert bart rs Je. sae 2 ae iene! ie ong - 


; ’ +7 
sbituscissits oS WL yaptngys@ =O andsylee aed as 8 rr molt « 


>) ’ 
7 a roe 
Beit ae rar nn ener pet Sak ai he sageh new ee . 


ewe 


Sats euatisyate s Je welssce Sadnson et maint wat Bu) a 
-t3fe oft o¢ yosittea, OFgerapotd eat sonst banios md Bed 


‘ . a 7 a. - 
seas} 2 al Oo getvaty ailicties Sh cn “HA BES § 13 ot. 


ity @htlionewiiyis) A=," .He=)? 


, ite? 
x 


eur ioyite ies > .8 


5 ~) 
"“weibiet tus a 


7 H 7 | . a 
ott wii athe sau tubyas a 7 Ta n leiea, a iti - a iat ul 
- 7 7 


(le 6 hedseksa 


a 
on, 9 tabi BA a.kQe fu nce tube 
. 


iit 


WORD be en sameneeeeyy| Ay oe peo aon 
Wt a ana a ee 
ttdipad gn 26 % easel ott > at 


« 


pels) 4 és ial det Ae af ve 2 ; 


2YOE 


dentified) was formed very quickly. The total radioactive 
peoneene of labelled products then stayed constant for the 
remainder of the incubation, during which compound I dis- 
appeared with the concomitant production of the erythro- 
mycins. 

Nevertheless, at a certain stage during the incu- 
bation labelled 80 had been present, only in concentrations 
too low to be detected. This was proved by treating the 
microorganism with both propionic Acide t= sc and a large 
amount of unlabelled 80. In this way the radioactive 80 
produced during the fermentation was successfully trapped 
in the large reservoir of unlabelled material. Again, 
compound t was formed very quickly, initially as the sole 
labelled product. The slow disappearance of compound q 
was accompanied by the appearance of 140 erythronolide B 
(80'). After complete consumption of I, the radioactive 
content of 80" was essentially the same as that initially 
held by I. Only after the complete disappearance of i 
were erythromycins detected. 

The same workers further showed?” that lok 
labelled 80 (80") was converted efficiently and quantita- 
tively by S. erythreus to a mixture Of all three erythro- 


mycins (see Table 1). A study of the intermediary meta- 


bolism of 140_erythromycins A and B suggested a secondary 
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Table l: Interconversions®’? of Erythromycins A, B, and C and 


Erythronolide B. 


Substrate % Conversion 


Erythromycin Compound 
AVIA) BOS) 7 Con) I seo a 
146_erythronolide B (80') ANS) ASS Pash (33 
140 erythromycin AP Gig) 23.9 ) 29215) 24651010 
4c-erythromycin B (8!) iI eA pore sy fo 0 On ats ol 


a) The length of incubation was 24 hr, 


b) The prime notation is used to indicate radioactivity. 


irreversible pathway to erythromycin A, via erythromycin 
B. Mechanistic information was also provided by a kinetics 
study of the metabolism of 80! (see Figure 4). During the 
kinetics experiment none of the radioactivity was lost. 
On the basis of the observations outlined 
above, Hung et alae proposed a crude model for erythro- 
mycin biosynthesis. The notation used in Scheme 2 is an 
adaptation of that introduced by Corcoran and Chick.?°? 
The possibility that certain steps might be 
reversible was not considered although the results can 
equally as well be explained by replacing the hydroxyla- 


tion step in Scheme 2 with a reversible interconversion 
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Figure 4: Metabolism of 14 ¢-Erythronolide B 
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of erythronolide B and erythromycin B. Also Scheme 2 rep- 
resents only the major biosynthetic pathways. The presence 
of minor routes cannot be excluded. In fact the sensiti- 
vity of the ratios and yields of the erythromycins to the 
culture make-up, to the mutant strain, and to the day of 
the week may result from a minor pathway in one strain 
becoming dominant in another. 

Other macrocyclic lactone metabolites (81-85) 
have been isolated from various partially blocked and 
totally blocked mutants of &. erythreus.°+ Martin and 
coworkers claimed that two of these lactones, namely 6- 
deoxyerythronolide B (81) and 3-a-L-mycarosylerythronolide 


B (82), are true intermediates of biosynthesis.°+?"” 
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Scheme 2 


eompound I 


HO OD Ht, sfOH OD 
E ———S E = E 
Oc OH oc 


erythromycin A erythronolide B erythromycin B 


HO OD Ch> hydroxylation 
E compound III 
OM 


yn 


compound II 


erythromycin C 


Compound 81 was thought to be the immediate progenitor of 
erythronolide B (80), the transformation involving the 


introduction of the extra oxygen at C Lactone 82 would 


6° 
then follow from 80. Intermediacy of 81 and 82 was con- 
cluded on the strength of the observation that each was 

converted to erythromycin A when fed to S. erythreus with 


an early biogenetic block. As no erythromycins were 


detected during similar experiments with 83-85, these 
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were considered to be shunt metabolites. 

A route to erythromycins through 81 is biochem- 
ically pleasing but involvement of 82 poses a problem 
Since it is in direct opposition to Hung's earlier proposal 
(Scheme 2). However the intermediacy of 81 and 82 should 
only be regarded as speculative for the following reasons. 
The metabolic consequences of 8l and 82 were only reported 
using highly abnormal strains of the microorganism--strains 
that had been chemically mutated in a highly non-selective 
Manner. There is no guarantee that the conversion to 
erythromycins of metabolites fed to such strains any 
longer follow the same sequence of steps occurring in non- 


blocked Ss. erythreus. In fact the rather slow conversion 


*Oleandomycin, lankamycin, and 85 all have the same absol- 


ute configuration at Co. 
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rates of 81 and 82 observed might reflect a significant 
wert ference. Secondly, Martin et aly “dtdeior use radio— 
active 81 and 82 in their studies. Analysis was by tlc 
and bio-assay. Accordingly they were unable to fully 
account for substrates consumed and some results were only 
qualitative. Since both Hung's and Martin's research 
groups worked at Abbott Laboratories, North Chicago, it 


is unfortunate that Martin and coworkers did not study 


Scheme 3 


eompound, — (317) 


SL sae ery thronoliders 80) 


~w 


erythromycins 


the metabolism of labelled 81 and 82 on the same strain 
of S. erythreus as employed by Hung's group. No mention 
was made of the possible identity of Hung's compound I 
and Bl. 

On the evidence at hand, Hung's and Martin's 
data can be brought into accord by assuming that 82 is 
not an intermediate but arises from a reversible shunt 
from 80 (Scheme 3). The involvement of the shunt could 
be tested by examining the fate of 3-a-L-mycarosyl(C,,- 


14 


CH.) -erythronolide Beh (82') in which the sugar moiety 
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specifically carries C and the aglycone specifically 


_ carries tritium. Such a compound could be prepared by 


simultaneously treating an 82-producing mutant of S. 


erythreus with propionic adit Jaen and methionine-14 


If there were no significant decrease in the cre ratio 


* 
CH, . 


accompanying the transformation of 82! to the erythromy- 
cins, the intermediacy of 82 would be all but proved and 
Scheme 3 must be discarded. 

in ya cthird study on’ a particular smutant, jofs.. 
erythreus, no history of which was reported, conducted by 
Spizek Steal the predominant pathway to erythromycin C 
appeared to bypass 80. 

The most fascinating area of macrolide biochem- 
istry has remained unexplored. How does the singular nature 
among all macrolides of the lactone stereochemistry (see 


Chapter 2) relate to the biosynthesis? No facts are avail- 


able at the present time. 


Biogenesis of Macrolide Sugars 
The deoxygenated nature of the macrolide sugars 


originally led Woodward? to suggest that the similarities 


*Methionine was known to be an efficient source for the C37 
methyl in cladinose (see Biogenesis of Macrolide Sugars, 


Chapter 3) 4 
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in the structural appearances of the sugars and the lac- 
tones may be more than just superfacial and may reflect a 
biogenetic origin of the sugars from processes analogous 


to those involved in building the lactones. 


OH 
Ae OR 
eee ae 6a 
HO 
(CH.).N OH 


13: g-D-desosamine LO R=CH3; a-L-cladinose 


lj: R=H; O-L-mycarose 


Whereas L-methionine-*“cu, was shown not be to 


involved in the biosynthesis of methynolide or erythrono- 
lide, incorporation of the methyl group from the amino 
acid into the sugars, desosamine and cladinose, was effi- 


53,44,55 Degradations established that in desos- 


cient. 
amine all radioactivity was located in the dimethylamino 
function whereas in cladinose the label was equally dis- 
tributed between the O-methyl and the C-methyl at C3. 

Furthermore, contrary to Woodward's suggestion, convinc- 


56 


ing evidence has been reported that desosamine and 


cladinose are derived directly from D-glucose, a standard 
nutrient of culture media. Thus when S. erythreus was 


incubated with D-glucose-1-14c, Adon OF oe, the 
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bulk of the label was found at the corresponding carbon 
of desosamine. Consequently the integrity of the carbon 
skeleton must be preserved during the transformation of 
glucose into 13. Similar results suggest that cladinose 
is also derived directly from glucose. It is logical to 
assume that cladinose and mycarose share much of their 
biogenesis. 

It was mentioned in Chapter 2 that the sugar 
residues in all macrolides have the same absolute configu- 
ration at their anomeric centres. To account for this 
using glucose as the common starting material, Celmer*?"*/ 
proposed that D-glucose is bound to a nucleotide, repre- 
sented in Scheme 4 as a diphosphate nucleotide (PPN), dur- 
ing its conversion to the macrolide 6-deoxy sugars. The 
nucleotide is retained in the intermediates until the 
final transfer to the macrocyclic lactone. This theory is 


based on certain known focten| 


4-Keto-6-deoxy sugars have 
been shown to be intermediates in the biosynthesis of non- 
macrolide 6-deoxy sugars. For example,?°® an enzyme prepar- 
ation from Aerobacter aerogenes converts l-guanosine-5'- 


diphosphate-D-mannose (92) to 1-guanosine-5'-diphosphate- 


L-fucose (94) eviiasd3: 
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The amino group in desosamine Migntebeeintro= 
duced by transamination using an intermediate 3-keto-6- 
deoxy sugar. Grisebach”? has suggested that C-methyla- 


tion leading to cladinose and mycarose May proceed through 


an endiol (95). 
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CHAPTER 4 


PREVIOUS SYNTHETIC STUDIES OF MACROLIDES 


During the last four years several pseudomacro- 
lides have been synthesized. However none of these sub- 
stances possess the extreme degree of substitution that 
is characteristic of the nonpolyene macrolides. 


A structural isomer (98) of curvularin (97) was 


~~ ~~ 


60 


Synthesized by Bagli and Immer in 1968. As the key step 


in the sequence, they employed a lactone synthesis first 


Gul: 


developed by Borowitz and Gonis, in which the tricyclic 


vinyl ether 100 was oxidatively cleaved by m-chloroperben- 


ny~wew 


zOic acid to 101. Removal of the O-methyl groups afforded 


93.5 
Several successful syntheses°* of the 14-pseudo- 


macrolide, (+)-zearalenone (104), have appeared in litera- 


es the final steps involve a low- 


CUuLeCw Wu two EepOLes 
yield (10¢) lactonization, catalysed bywtrimPluoreacetrc 
anhydride, followed by cleavage of the O-methyl ethers. 
Recently Raphael and coworkers°? have reported 
the first preparation of a nonaromatic macrolide, (+)- 
pyrenophorin (106). Execution of a series of straight- 
fOLwara reactions led to 105. Conversion of 105 to 
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the acyl imidazolide followed by treatment with base 
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effected cyclization in 60% yield, giving a 1:l mixture 

of diastereoisomers. After hydrolysis of the thioketals 
and removal of the meso product, (+)-pyrenophorin (106) 

remained. 

Borowitz and coworkers°* have extended their 
investigation of the oxidative cleavage of vinyl ethers 
to determine the feasibility of the approach towards gen- 
erating the lactone system of methymycin. As exemplified 
by the synthesis of 7-oxoundecanolide (109) ,°° their pro= 
cedure requires first the C-alkylation of a cyclic ketone 


with a suitable difunctional reagent and then the 
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conversion of the free terminus of the alkyl side chain 
into a hydroxyl. Acid-catalysed dehydration leads to the 
vinyl ether. Besides the capricious nature of the alkyl- 
ations, the workers found that the dehydrative cyclization 
of a four-carbon side chain (as in 107) does not proceed 
well. This is especially true if the starting ketone 
carries substituents. Thus in the case of 110, eyclization 
"occurred to a minor extent", affording a mixture of three 
isomeric enol ethers, presumed to be lila,b,c. The authors 
concluded that the present synthesis of cyclic vinyl ethers 
cannot be applied to the preparation of complex macrolides. 
The most significant work dealing with the syn- 


thesis of highly substituted macrolides originated from 
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Surprisingly this work is quite old, first 
- Started in 1962 and apparently concluded by 1966. When 
the Russian team, headed by Bergel'son and Batrakov, ini- 


tiated its study, the only stereochemical information known 


about methynolide and neomethynolide (partial structure 
7 Cra 


112) was the configurations 4S and 6R. In order to 


establish the stereochemistry at Co and C3, 


a synthesis of all four diastereoisomers of the lactonic 


they developed 


acid 113 in which they believed that the C,- and C,-methyls 


4 6 
were cis. Scheme 5 outlines briefly the route employed. 
A mixture of meso- and (+)-a,a'-dimethylglutaric acid was 
converted to the anhydride from which pure meso-a,a'- 
dimethylglutaric anhydride was obtained by fractional 
recrystallization. Acylation of 115 with 114, prepared 
from the meso anhydride, gave 116. The lactonic acid 

113 was obtained by reducing the ketone group of 116, 
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saponifying the esters, and acidifying. When the carbonyl 
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Scheme 5 
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of 116 was hydrogenated over Raney nickel or chromium- 
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nackel Catalysts, Jl3a and i13b resulted in 10 and 35% 
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yields respectively. On the other hand, lactonic acid ll3c 
(25% yield) was formed when 116 was reduced with lithium 
triethoxyaluminum hydride. Lithium aluminum hydride reduc- 
tion Led co 1l3d (58% yield). Bergel'son and Batrakov 


stated that 113d was the racemic form of the Djerassi- 
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Pretog*™iactonie acid (+)=32." The identity of the two com- 


“pounds was based solely on the solution ir spectra of 


their corresponding methyl esters. In a subsequent ee, ee 


nmr analysis and degradation studies of 113d convinced the 


~Nywew 


Russians that the product had the structure indicated 


below. Accordingly they assigned the configurations 2S 


and 3R to (+)-32 (and hence to methymycin and neomethymy- 


Cin). 


As mentioned in Chapter 1, Rickards and smithtt4 


demonstrated later that the chirality at Co and C3 in the 


12-macrolides is in fact the reverse. Since the chemical 
evidence presented by the Russians for the relative stereo- 


chemistry of C. and C3 in lsd is strong, lt appears that 


~w~ww 


113d must not be the racemate of “natural” (+)=32, in 


fact a comparison of the ir spectra of their methyl esters, 


18a shows differences 


reproduced in the original article, 
that cannot be attributed to solvent effects. Based on 
the experimental information available, it is impossible 


to decide at precisely which stage they were misled. 


| ty, : 
| | 7 


a : : 
ie _ a ; mn : 
miftoe Owd sits to yidtoebsi sdb ‘Sb~ (+7 bes J ‘pkaos D4 
; a 
= Yo cigosgs sh nolvuioe say no ui > oe 
aa _ 
7 aie seqgeq tnevpsedbs Bal eee iy om enthnenosi0e ats 


7 ede badnlvaos beh) 24 el @ nokashe seb Bde aan 
Pa: peste vy pen 


Lbs sxidguacs ens bis Souberg e as tent“ 


badass 
% 


aeisaruprinos sao benp lees todd ghey ketone «Wo 


, 
' ae. - 
_ co slit : ie 
' 7 ; - : 
7 | _ 
7 
_ 


G : _ 
7 if 1" a 
L Vag oy 7 
—_ sr fp DOD ‘ 7 
( i ‘, : 
= eM 7 
. - 
7 : nfl > “a 
- - Ca = 2 - 7 
7 7 
: “wIeAgsmoat bis iiovaydten ef epmed onte)~ SEm( +} ov AE. bas - 
‘. (aia 
pil i z Rw : > 
dime baa ebretoesh ,1 se2qed> om bere. 2A > 


ads ni. base 2 un yele ert Sat Seely Soths - beteyenomeb 
. a 


- 

[svimedo sii aunre .Ssastavort Sila aac ee et avpesonaiiest 
Be ens 

sosxeta sviscieu sav) 20) enéiaryR oa2- iti eduseoda, somebive > 
sens exrsseqs 34  poorda ik HE if nik Bas 5” 20. qutetne 7 

: , 

88 | oe too seme BELL 
7 1) Ye 
lo toaixsamms 46 Jost 


ve, 
7 a 7. a I Bs fe eager 


Al .3é-(+) *issogem ic ee 


= oe 
.eroteo Iydsom is si 26 exdveqe aE ait 


esonteistI£h awolis a“ yaior see leate s 
: 


ry 
do Beese «etoette 2neavice 07 bale biz2s ot Jonp bo ats 
=o ; “I x ok: 
LS daomis ni g 

b a 


sidieeqdits as I< sidtistinvn sok i ae scecmeiiaitinia SS 
7 ; on “ol . 
 shetaim exew —. aie fot Wyte aijezqg +8 sbiveb ot 
: > , | 


a a 


68. 


Nonetheless a general comment can be made. 

In at least two reactions of Scheme 5, epimeri- 
zation of a methyl group originating from the meso anhy- 
dride should be considered a possibility. The catalytic 
hydrogenation of 116 was carried out in aqueous ethanol 
at elevated temperatures (90° and 120°). Under these con- 
ditions significant epimerization of the C,-methyl might 
have preceded reduction, particularly so if the surfaces 
of the catalysts were not neutral. Secondly, epimerization 
of the Co-methy1 Ce 117 could have occurred during the 
saponification of the ethyl esters. The diester 117 was 
hydrolysed using potassium hydroxide in 80% aqueous ethanol, 
stirred overnight at room temperature and then for three 
hours at 45°.4 \Inoa Similar, case Wiley et. alee heated the 
dilactone 118, derived from erythromycin A, with 1.0 M 
aqueous sodium hydroxide on a steam bath for four hours. 


It is apparent now that at least 50% racemization* of the 


Co-methyl occurred during hydrolysis. 


*This value was arrived at by considering optical rotation 
data of various preparations of (-)-a-methyllevulinic 
acid 2,4-dinitrophenylhydrazone, reported in references 7 
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CHAPTER 5 


AN APPROACH TO THE SYNTHESIS OF METHYMYCIN 


It has been the aim of the introductory chapters 
to demonstrate how integrated the chemistry and properties 
of all macrolides are. The common stereochemical features 
of the macrolide aglycones are especially interesting. 
Because of both the practical and the theoretical interest 
in the macrolide antibiotics, we were prompted to initiate 
a synthetic study. A first successful synthesis might 
ultimately lead to a general scheme for synthesis which, 
through simple modifications, would permit the construc- 
tion of highly substituted lactones of various ring sizes, 
with any desired sequence of substituent configurations. 
Such a scheme would no doubt be useful for biochemical 
Studies of macrolides. Furthermore, certain portions of 
the scheme would have obvious importance in general syn- 
thetic organic chemistry. 

The simplest of the multisubstituted macrolides, 
methymycin, was chosen as the goal of our synthesis. The 
work reported in this thesis is concerned with the synthe- 
sis of methymycin's aglycone fragment, methynolide (25). 
There are several possible approaches to the building of 
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One method involves the construction of a poly- 
cyclic system which carries all of the substituents of 
methynolide. In the latter stages of synthesis, the key 
reaction becomes the splitting of the polycyclic struc- 
ture into the monocyclic twelve-membered lactone. This 
was the approach taken by Borowitz and associates°* and 
by Bagli and Immer °° (see Chapter 4). A compound suited 
for peracid cleavage might resemble 120. Although oxida- 
tion of the central double bond might be expected to pro- 
ceed in fairly good yield, the synthesis of 120 would be 
very troublesome. At the present time the control that 
chemists have over reactions involving seven-membered 
rings is much less than for smaller ring systems. [In addi- 
tion, the introduction of the trans double bond by elimina- 


tion of HX may not be easy. Other modes of converting a 


polycyclic system to a twelve-membered lactone are pos- 


-yfoq « t¢ noljoussenos ena sevlovel boayom, ene 
to vinswittetive Sit to’ Pts eolrsao dutdw masaye sifoyo | 
vad sid ,eiaeninye to eoeeda tetset, end at wbtlonydsen 
-—u13e8  viloyaylog sag +0 cht aitene ats zemoved aebioset ' 
gtdy ,snotusl bevedmen-evicw) Siloyeonam sit ojn] sd 
ons = eactequozéem brik sitiworod yd Hove Hoho TQGh okt BAW t 
basiiss badoging A “«a(h teagedy 692) Ot. «arnt bas tipsd, yd \ 
-auivo dpuondla OSL eldmsesx sdpint epavesio Bhosteq 40% 
~O9G Of badoaqxe al ddtpim bood eldvoh Lawines ait? Bo nok? | 
od bivow OS I> ebaentaye ads blasy boop yiatet wt been, 
28S fouwsnos Bite omg tesaotg ors dhe vaineaeitaersd yxev 
basadmom= 99% ail anousanar tove eyed. adadmerto 


Wes 


sible but in each case construction of the necessary pre- 
. cursor would be exceedingly difficult. Any generalization 
of a successful synthesis to other macrolides would be 
impossible. 

A second approach to the building of methynolide 
is the construction of the medium ring at an early stage, 
followed by the elaboration of the substitution pattern 
around the ring. The success of such a strategy would rely 
upon an-.intimate understanding of the conformations of 
twelve-membered rings for any degree and pattern of sub- 
stitution. In unsubstituted medium and large cycloalkanes, 
the preferred conformations seem to be determined largely 
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byethe torsional angle strain (Plezerjstrain). 
trans conformation (t) of skeletal carbons and the less 

+ 
energetically favoured gauche conformations (g°) are shown 


below in Newman projection. Minimization of Pitzer strain 
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determines, by and large, the approximate shape of the 
cycloalkane. Consideration of transannular interactions 


then leads to slight distortions of the ring through bond 
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angle deformations (Baeyer strain) and possible relaxation 
of the mm2 symmetry of the methylene units. The skeletal 
conformation of cyclododecane [(CH,),5-Al, determined by 
X-ray analysis, ’+ is shown as 121. In the schematic rep- 
resentation of the cyclododecane conformation, the "o"- 
positions define a plane of methylene units in the ring 
system. The notation "+" or "-—" indicates whether each 


of the remaining ring methylenes lies above or below the 


"o"-plane. The conformation 121 also applies to simple 


~w~wnw 


derivatives of cyclododecane, both in the solid state and 
in solution. Unfortunately conformational predictions in 
the case of highly substituted cyclododecanes is impos-~- 


sible at present. 


The third obvious route to methynolide relies 
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upon the cyclization of an appropriately substituted, 
-long-chain compound. The formation of medium rings* is 
NOLOrtOUSly~dMeii cult, aM ptolwiand coworkers /* carried 
out extensive work on the lactonization of w-hydroxycar- 


boxylic acids. The most serious complication arises from 
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intermolecular condensations producing linear esters (e.g. 
I24)', ©§Stollidetined the ratio vol “the ratesconstants for 


intramolecular reaction and intermolecular reaction as the 


cyclization -constantuCys The value of Cimay be=regarded as 
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the concentration of 122 at which intramolecular and inter- 
*The size of medium rings is defined as from 8 to 12. 
Some workers now prefer to classify the twelve-membered 


system as a large ring. 
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molecular reactions are equally probable. Figure 5 sum- 


.Marizes Stoll's results as reported by sisido.— An inspec- 


Figure 5: Dependence of the Cyclization Constant (C) 


upon the Size (n) of the Lactone 


ome 102 (mole/1) 


tion of Figure 5 reveals that good yields of the medium 
lactones are only obtained under high-dilution conditions. 
For synthetic work such conditions may be impractical. 
The following brief discussion deals with the factors that 
cause the yields of medium rings to be lower than those 
of small or large rings. A more extensive review is pre- 
sented in references 69 and 70. 

An aliphatic chain, X-(CH,) .-¥, can cyclize 
Onlvoif the ends of sthe chain are in close spacial, proxi- 
mity to. each other. Consequently, irrespective of the 


mechanistic details of the cyclization process, the ease 
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of ring formation depends largely upon the probability 
that the two ends approach each other in a way conducive 
CO reaction, Since this probability is much less for a 
chain of twenty-four carbons than for one of only six car- 
bons, it might be expected that the facility of cycliza- 
tion would decrease in a gradual manner as the size of 

the ring (CH), formed increases from n=5,6,7 into the 
higher analogues. The yields however are also affected by 


ENG total “ring strainein, (CH To obtain a qualitative 


ee 
picture of ring strain, the diamond lattice has proved a 
useful Modeleccees.! 
If a particular ring can be superimposed on the 
diamond lattice such that all ring carbons lie on lattice 
points, then the resulting conformation of the ring is 
free of Baeyer strain. Pitzer strain is of course still 
present but the diamond lattice limits the carbon-carbon 
torsional interactions to pure gauche (g*) and pure trans 
(Uj. OL the possible dattice conformations Lor a rang, 
only those with the minimum number of gauche interactions 
are considered, and of these, some can be immediately dis- 
carded because of intolerable transannular repulsions [e.g. 
conformation (CH,) 4 9-A for cyclodecane, 125]. Hom cy oLo— 


tetradecane and all larger, even rings [(CH,) pms 7] 5 


2m 


lattice conformations are possible in which two zig-zag 


chains are linked at their ends by bridges, each of two or 
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more methylene units. In these cases, transannular repul- 
sions, as well as Baeyer and Pitzer strains, are small. 
These rings are regarded then as "Strain free". 

For even rings between cyclohexane and cyclo- 
tetradecane, two zig-zag chains can be joined only by one- 
methylene bridges. The results can be seen in the confor- 


mation (CH,) 4978 for cyclodecane. Very strong repulsions 


Oo = -f- (8) 
ae om 
©} ws + oO 
(CHo) 4978 
126 
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exist between the hydrogens Hi, Hype and Hoe No more fav- 
ourable lattice conformation can be drawn for cyclodecane. 
The consequence, determined by X-ray analysis,°°° isa 


conformation (CH5) 4 7C in which there has been some relief 


of the transannular strain associated with 126 through a 
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widening of ali °internal bondsangiles.. “In ™ this distorted 


‘lattice conformation (CH -C, the bridging angle (a) 


2) 10 
has been increased to 119° and the separation of protons 
He and Hy has been extended to approximately 1.85 AY Stzvid 
much shorter than the van der Waals separation of 2.4 A. 
The sequence of trans and gauche interactions is unaffected. 
The conclusion is reached that cyclodecane is highly 
strained. 

Cyclododecane has a most favoured lattice con- 


70 


formation (CH —-B,- which 1s similar tow(CcH ey Lips 


oie 210% 
this case, the two additional methylene groups give cyclo- 
dodecane sufficient flexibility to assume the off-lattice 


conformation (CH5) 457A (121), in which the two zig-zag 


H H 


HH 


chains are joined by two-carbon bridges, thus greatly 
relieving transannular strain. Since (CH) 457A cannot 
even approximately be placed on the diamond lattice, the 


conformation contains significant Baeyer strain. On the 
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other hand; (CH5) 457A has no eclipsed carbon pairs and has as 
-few gauche interactions as (CH,),5-B. On the basis of the 
much smaller intramolecular repulsions in (CH,)15-A com- 


pared to (CH C, cyclododecane would be expected to be 


2) 107 
the less strained. 

No cycloalkane with an odd number of methylene 
groups can be superimposed on the diamond Pacedceste None 
therefore is "Strain free". As the size of the ring 


increases though, the strain energy per methylene subunit 


becomes less. 


Figure 6: Thermochemical Strain in Cycloalkanes (CH,) 
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Am: the difference in the heat of combustion (liquid) 
between one ring-methylene group of (CHS). and an 


aliphatic methylene group. 
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The above discussion of ring strain explains 
.qualitatively the experimental results depicted in Figure 
6, 09b 

Because of the strain inherent in the medium 
rings, the ends of a polymethylene chain, X-(CH,5) -Y, 


N=Gy.-..,42, Cannot, ie~close.toseach other without, the 


Chain experiencing Baeyer strain and perhaps intramolecular 


X—{CHo+—Y Saree as TY a (CH), 


repulsions. The amount of strain assumed by the chain prior 
to cyclization depends upon the size of the ring being 
formed. For longer chains (n>1l2), the strain is much less. 
As implied in Figure 6, experimental results show that 
nine-, ten-, and eleven-carbon chains are the most reluc- 
tant to close (ct aikmigure 5). Also, insthe large rings 
the greater strain of the odd-carbon members parallels 
their somewhat lower yields from cyclization processes. /* 
Recently Sisido’? applied a statistical treat- 
ment to polymethylene chains, using Flory's gauche-trans 
rotational isomer model = and successfully reproduced 
both the salient features of Figure 5 and the alternating 


high-low yields from the cyclization of even- and odd- 
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membered large chains. 

Although the yields of medium rings from cycliza- 
tion procedures are usually low, we felt that a highly sub- 
stituted chain in the methynolide synthesis might be more 
conducive to cyclization than Stoll's unbranched hydroxy 
acids. The energetically most favourable conformation of 
the difunctional polymethylene chain X-(CH,) .-¥ is the 
(t,t,t,...) or zig-zag. However for conformations suitable 
for ring closure, the chain must bend at several points, 
giving rise to gauche interactions. Flory assigned to a 
este ae sequence an energy 500 cal/mole higher than the 
t,t,t pattern. Now if the polymethylene chain contains 
one or more branches, then as an approximation, the zig- 
zag form 128 and the conformation 129 are equally likely. 


Hence the probability of kinks in the chain is greater, 
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H 
Y—CH.) H CH 
ess Das 
H I. (CH, H ai (CH, =X 
CH, H 
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(CH,H-Y 


thereby enhancing the chances of intramolecular reaction. 
Experimental results bear this out. Blomquist 

and coworkers /° found that, whereas the acyloin condensa- 

tion Of dimethyl azelate (130) produces 2-hydroxycyclonona- 


none (131) in 35-40% yield, dimethyl éd-methylazelate (132) 
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cyclizes in 60% yield. Moreover, diethyl 6,6-dimethylaze- 
slate, Glas), in which the probability of "4, kink is further 


increased, leads to a 66-70% yield of the corresponding 


azeloin. The tetramethylazelate 134 cyclizes to the ex- 
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130 ia 


yy ~w y~wnw 


HC 3 
R, COOR, COOCH , 
CH, COOR, COOCH, 
HC 


2 ec RSH 


133: R)=CoHe, Rj=CH, 134 


ene Oluo4s,50 00 sano vier example, // Ziegler cyclization 

of 135 goes quantitatively. Ring closure of 1,7-dicyano- 
heptane proceeds in only 30% yield. A pair of diastereo- 
isomeric, polysubstituted chains, which exhibit remarkable 


differences towards intramolecular reaction, has been 
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reported. In a brief communication Russian workers/® 


tated that the tetradepsipeptide D,D,D,D-137 affords only 


HC CH, HC CH, A 
O 
ae Study 
0 CH, O 
H.C CH H.C CH, 


an 8% yield of the corresponding cyclotetradepsipeptide. 

Thirteen percent of the cyclic dimer is also formed. In 

contrast, the L,D,L,D-isomer gives cyclotetradepsipeptide 
in 70% yield as the sole product. 

Considering the above evidence, it was hoped 
that a highly substituted aliphatic precursor to methynol- 
ide would cyclize with equally as remarkable facility. 

Any potential structural instability an) methynol— 
ide (25) must be assessed. One of the most striking fea- 
tures is the y-(tertiary hydroxy)-a,f-unsaturated ketone. 
This grouping can be regarded more simply as an extension 
of an a-(tertiary hydroxy)ketone, which should be quite 
stable to both acids and bases. The stability of the lac- 
tone linkage towards hydrolysis is difficult to judge. In 


this connection however, the saponification of cycloundeca- 
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nolide (138) with sodium hydroxide in aqueous dioxane at 


0° is slow, the rate constant being comparable with that of 


a simple ester, /? The §-hydroxy ester grouping should sur- 
O 
O 
138 n=butyl hexanoete 
4 
kyxl0 oa3 8.4 
L 


(1) .see™> mores) 


vive mild acid and base, particularly so since no reason- 
able conformation of methynolide allows an anti-periplanar 
relationship of the hydroxyl and the a-proton. Unfortun- 
ately such insensitivity towards experimental conditions 
is likely not extendible to the configuration of the Cem 
methyl group. This weakness in methynolide necessitates 
the use of a cyclization procedure that can be performed 
under non-enolizing conditions. We believe that two 


methods for ring formation offer special promise. 


Type A Ring Closure 


The first approach involves the intramolecular 


condensation of a carboxy group at Ci with a C1 7hydroxyl 


(or its equivalent). Two possible immediate precursors 
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(139 and 140) to the ring are shown below. Ring formation 
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39 140 
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from 140 may proceed with or without the assistance of a 
Lewis acid. With care, a Lewis acid should not epimerize 
the Ce-methyl. 

DypesbeRing Closure: 

As the alternative method a Wittig reaction is 
employed to generate the unsaturated ketone moiety. The 
carbonyl-stabilized phosphorane 141 is a neutral substrate 
andeshouldy produce a double bond with the required trans 
configuration. 

Unfortunately our limited supply of methymycin 
prevented us from degrading methynolide to compounds 139, 
140, and 141 which could have been used to test the feasi- 
bility of the two approaches. Therefore model compounds 


were examined in their place. The results of these stu- 


dies constitute the body of the following chapter. 
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141 


Racemic Djerassi-Prelog lactonic acid (+) -32 


appeared to be an ideal intermediate in the synthesis. 


Not only would the successful preparation of 32 complete 


the 
the 
and a é-lactone, 
hand portion specifically to either 
the lactonic acid adaptable to both 
the correctness 


ures. In addition, 


chemistry in the synthetic lactonic 


chemically non-equivalent carboxy groups, 


Yight—nand portion of the cyclization precursor but 


a free acid 


should allow fixture’ of the simpler lere— 


group, thus making 
Ling [Omataonyproced= 
of the relative stereo- 


acid could be easily 


checked by comparing, 1€ with the “natural” (+) -32,, 


In conclusion the overall 


scheme involves: 


(l) the synthesis or (+)-32, (2) the construction Of a 


suitable left-hand fragment of methynolide, and (3) 


condensation of both parts followed 


the 


by cyclization. 
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CHAPTER 6 


CYCLIZATION PROCEDURES TO FORM 


TWELVE-MEMBERED RINGS 


The extensive studies carried out by Stoll and 
associates /* on the lactonization of w-hydroxycarboxylic 
acids were accepted as a suitable model study for Type A 
ring closure. This chapter therefore describes the results 
©f a study “concerned with the practicality of an antramol— 
ecular Wittig reaction (Type B ring closure) to generate 
the twelve-membered ring of methynolide. 

Stabilized triphenylphosphoranes, such as the 
acylmethylenetriphenylphosphorane 141, react readily with 
aldehydes, °° Because of the reduced electrophilic nature 
of the carbonyl-carbon, analogous reactions with ketones 
take place only under forcing conditions. It seems reason- 
able to expect that sterically bulky groups adjacent to an 
aldehyde would also impede condensation. It was therefore 
important to show that an aldehyde group that carries a 
fully isubstrtuted ta-canbon,,isamiiam tomthessatuationypre— 
sent in 141, is sufficiently reactive to undergo a Wittig 
reaction with an acylmethylenetriphenylphosphorane. 

Compound 145 was selected as a suitable Wittig 


reagent for testing the above reaction. The intermediate 
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phosphonium bromide 15la proved easy to prepare using 


i a OR" O 
| 
,P==CHCR + R‘,C=CHO _—_—_ PR!  CCHESCHCR 
142 143 144 
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classical methods. Treatment of 4-phenylbutanoic acid 


Cp LR 
Pd 


145 
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3 


with thionyl chloride in the presence of a catalytic amount 


Si 


of N,N-dimethylformamide afforded the acid chloride 147 


in excellent yield. The slow addition of 147 to an ether- 


yw ww 


eal solution containing an excess of diazomethane gave the 


corresponding diazoketone 148 and minimized the chance of 


~~ww 


obtaining significant amounts of 150 as a by-product. 


Nw 


Without physical characterization the yellow diazoketone 
was decomposed with 48% aqueous hydrobromic acid. The 
resulting crude bromomethyl ketone 149 was obtained in an 


overall yield of 87% from 146. The nmr spectrum (CDCl) 


~~w 


of 149 indicated the presence of some impurity. Whereas 
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the CO-CH,-Br protons resonate at 1 6.25 as a sharp sing- 


2 


let, there was a second, small singlet at.7 6.07. The 


chemical shift (At=0.18) between these two values corres- 
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ponds well with the chemical shift between the methylene 
protonssoft Peon a onced (neat; *1'5.86) and ofeq=chioro— 
acetone (neat, t 5.68). On the assumption therefore that 
the impurity is 150, it was not expected that its presence 
(ca. 14%) would affect the final yield of phosphonium 

salt. Stirring a benzene solution of halomethyl ketones 
149 and 150 and an equimolar amount of triphenylphosphine 
produced i5la (and presumably 151b) as a heavy white pre- 
cipitate, isolated in 65% yield after recrystallization. 


Treatment of the salts with aqueous potassium carbonate 
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generated the desired phosphorane 145, 

If this sequence to convert a carboxylic acid into 
an acylmethylenetriphenylphosphorane is to be applicable 
in the synthesis of 141, then certain limitations become 
apparent. The P-C bond in phosphoranes and phosphonium 
salts is sensitive to certain common organic reagents. 
Furthermore, purification presents another problem. Al- 
though both types of phosphorus compounds can be chroma- 
tographed on the standard adsorbants, their purification 
by this method may not be feasible. For instance, the 
dipole moment of the phosphorus-bromide bond would likely 
dominate in the molecular dipole moment of an organic 
phosphonium bromide and therefore would likely be chiefly 
responsible for the behaviour of the salt on various chro- 
matographic media. The separation by this means of two 
phosphonium salts, one the desired product and the other 
a by-product, might then not be possible. For these two 
reasons the phosphorus group would have to be introduced 
during the last steps leading to 141. The bromomethyl 
ketone moiety is stable in neutral and mildly acidic media 
anGdstO —Cencain, OXLGdtion conditions but its “reactivity 
towards nucleophilic reagents suggests that this func- 
tional group also must be generated near the end of the 
synthesis. As a consequence, the conversion of 152 to 
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141 must be performed under conditions as neutral as pos- 
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sible in order to protect the stereochemical integrity of 


Phe substrate (e.ig. thence -mechyd jeandmtos prevent, alvera- 


6 
Cron iof unetionals groups. 
Appropriate modifications in the experimental 
procedure used in the transformation of 146 to 145 should 
make the reaction sequence suitable for the methynolide 
preparation. For example, the most severe step, prepara- 
tion of the acid chloride 147, may be solved by using Lee's 
combination of triphenylphosphine and carbon tetrachlor- 
iae®? in the place of thionyl chloride. Although perfectly 
neutral the reaction is not always dependable. We have 
promising results that this transformation may be carried 


out. satisfactorily employing oxalyl chioride. When benz- 


ee X=OH, O Li* 
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Oic acid, in the presence of an equimolar amount of the 
acid-sensitive tertiary allylic acetate 153, was treated 
with excess oxalyl chloride in benzene, only a trace 
(glpc analysis; UCW-98) of 153 remained in the crude pro- 
duct. Treatment of a mixture of 153 and lithium benzoate 
with oxalyl chloride led to much improved results. Never- 
theless, still caweio-202 decomposition of the “allylic 
acetate had occurred. However by adding a drop of pyri- 
dine to the mixture of 153 and lithium benzoate, oxalyl 
chloride produced benzoyl chloride in quantitative yield 
with no detectable decomposition of the acetate. 

The aldehyde group in 141 poses similar problems. 
The general instability of aldehydes necessitates masking 
the group until near the end of the synthesis of methynol- 
ide. Again a neutral method to free the aldehyde is 
needed. To gain insight into the problem, several routes 
to aldehydes have been examined. 

To initiate the study, o-acetoxyisobutyralde- 
hyde (154) was chosen for substrate 143. Employing a 
reaction developed by Corey and Seebach, °4 acetone was 
condensed with the lithium derivative 155 of 1,3-dithiane. 
Isopropenyl acetate, in the presence of p-toluenesulphonic 
acid, smoothly converted the resulting alcohol 156 CoO ts 


acetate (157). The least satisfactory step in the synthe- 


sis was the hydrolysis of the thioacetal. Numerous meth- 
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were available to accomplish this process. Of 
these, mercuric chloride and cadmium carbonate promised 
exceptionally mild hydrolytic conditions. With these two 
reagents, improved yields for hydrolysis have been reported 
by substituting acetonitrile or methanol for acetone, the 
usual solvent. °/ However because we suspected that the 
VolratvrELttcyeor 154 might make work-up awkward, the hydroly- 


Sissor 157 was attempted using the lower-boiling acetone 

as solvent. Even so, the volatility of 154 complicated 

and prolonged its isolation. Nevertheless, extended 
heating of a mixture of 157, mercuric chloride, and freshly 
prepared cadmium carbonate afforded the desired product 

in ca. 40% yield. An appreciable amount of starting 


material was recovered and some decomposition of the 
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aldehyde had apparently occurred during the long reaction 
time and work-up. For the preparation of an aldehyde group 
in a nonvolatile methynolide precursor, this complication 
may be reduced by using acetonitrile as solvent. Certainly 
the work-up procedure would be much more straightforward. 

A second aldehyde synthesis was next examined, 
based on more traditional reactions. This work was directed 


towards the more manageable aldehyde 159. The acetylation 


CHO 
CX. eS. 
OH OCOCH., OCOCH 


158 £53 ae) 
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of l-vinylcyclohexanol, obtained in good yield from the 


Grignard reaction of cyclohexanone and vinylmagnesium chlor- 


idess* proved troublesome. A procedure analogous to the 


acetylation of 156 gave the desired acetate 153 in 50% 


nw~w 


yield along with one major and one minor by-product (ca. 


20-30% total impurity). The nmr spectrum of the main by- 
product suggested a mixture of diene isomers. Acetylation 
of the lithium salt of 158 with either acetyl chloride or 


wD 


acetic anhydride was incomplete and 153 was accompanied 
by dienic products. However satisfactory results were 
obtained when l-vinylcyclohexanol was added sufficiently 


slowly to a heated, dilute solution (0.002-0.003 M) e)e sh 
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toluenesulphonic acid in isopropenyl acetate so as to 
Maintain low concentrations (0.08-0.008 mM) el alcohol jan 
the reaction mixture. The product, isolated in 83% yield, 
contained less than 5% of the starting material and by- 
products. Ozonolysis of 153, followed by reduction with 
dimethylsulphide, °? gave 159 in 33%) yield. 

The Wittig reaction of 145 and 159 proceeded at 


a convenient rate at 90-100°. The desired product (160) 


was isolated in 71% yield. As expected, the nmr spectrum 


OCOCH 


160 


of 160 showed no evidence of the cis isomer. It was gra- 
tifying to find that apparently little of the aldehyde 
decomposed during the reaction. 

With this initial encouragement, we next wished 
to assess the practicality of using an intramolecular 
Wittig reaction to generate medium rings. The simplest 
test reaction is shown below. The generation of 161 would 
have to be carried out at high dilution to minimize inter- 
molecular processes. Two independent syntheses of lel are 


reported here. The prime difference between the two 


routes is the manner in which the aldehyde moiety was 
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formed. Both reactions, reduction of a thiol ester with 
deactivated Raney nickel and Collins’ voxidatron of “a pri; 


mary alcohol, are essentially neutral. 


ROuULey 

In 1946 Woltcommend Karabinos?? reported that 
thiol esters could be reduced successfully to aldehydes 
by refluxing the ester in aqueous ethanol in the presence 


of W-2 Raney nickel (prepared by Mozingo's procedure”!). 
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Wolfrom developed the reaction with the intent to provide 
an alternative method for preparing aldehydo carbohydrates, 
normally synthesized by the hydrolysis of the correspond- 
ing thioacetals. Although only modest yields of aldehydo 
sugars were obtained, the reduction gave good results with 


2 


simpler substrates. Later work by Spero et al. showed 


that Wolfrom's procedure often led to only trace amounts 
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of aldehydes because of over-reduction to alcohols. They 
were able to circumvent this problem by first deactivating 
the catalyst in boiling acetone. With this modification a 
good conversion of 163 to diformoxycholanal (164) was real- 
ized. Very little use has since been made of this reac- 


Ezon, 


CHO 


1) 164 

Of interest to us however was a report by 
Bestmann and coworkers”? in 1966, in which they announced 
a new bishomologation sequence. When S-ethyl dodecane- 
thioate (165) was reduced with W-l Raney nickel (not pre- 
viously deactivated) in the presence of carbomethoxymethy1l- 
enetriphenylphosphorane (166), the generated aldehyde was 
trapped as 167 by a Wittig condensation.* Subsequent 
hydrogenation and saponification gave a 65% overall yield 


of? tetradecanoic’ acid. “By “analogy, 168°was’ chosen as-the 


starting material for the model cyclization experiment. 


*Partial hydrogenation of the new double bond also 


occurred, 


he ay ae: 
ase . a’ 
7 7 | 
: : eort jarciaede of tah par-aovo 3 as 32 
7 valdevidedah gexid, ye a belt . 
5 nokpemtnibom afi) sonoteas 2 


-tagt naw. (hel) ‘pnacetoyai et te oe: aes to (eee 
~gsoy Betis to SSA aa sons api) sai sdudtt yey ost 

7 
; : nods 


a eae 


hot 
_ 7 -_ 
a 
7 
i oe 
gat — | 


bad i 7 
7 vd uogea a aew aveWon ay on Jeomeseme to 


yee Vert Motiw ad poor lant "eoesrowey bas conse 
b 5 


: ~phapsbob [yiza~2 aeiW  .eureupse notdspotomona kd wou 5, 
_ wi ton) Leable yeaah Baw ucttw beaker aw. (230) psnozdd 
-iyddonyxontomedtss 14 anessotq and at (heisvisoseb yianokv 

. saw avytiabie betetenep eds .(e0L) sacsodyabitat menahstsns 


instpeadua) * AOEtBaiteLAOS BlIS tw s gdb: fat an 
binty Lisnrave a a vey soLeook inoehe bits avis 


Nel 


O O 


Il \\ ll 
CH, (CH,), )CSC H. + > 3 P=CHCOCH ——> CH, (CH,) , pCHSCHCOCH 


2a) 3 5 


62 166 L6o7 


ty yww ~~wew 


NW i 
>,P=CHC (CH, ) 9 SC 5H, 


168 


v~n 


Before attempting the synthesis of 168, some 
Simple experiments were performed to establish reaction 
conditions and to gain experience with Raney nickel cata- 
lysts. We found that S-ethyl heptanethioate (169) in 20% 
aqueous dioxane at 60° was smoothly and cleanly converted 
to heptanal (75% yield) by partially deactivated W-1l Raney 
nickel. Extended reaction times gave lower yields of the 
aldehyde and small amounts of heptanol. In anhydrous sol- 
vent the yield of heptanal dramatically dropped to 35%. 
At a reaction temperature of 90°, over-reduction became 
a problem. We also observed that the rate of reduction 
was not reproducible from one batch of catalyst to another. 
However the yield of heptanal was. 

It was likely that the acylmethylenetriphenyl- 
phosphorane group of 168 would be stable to warm (60°) 
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aqueous dioxane. To hydrolyse such a phosphorane normally 
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boiling aqueous alkali is needed. Nevertheless, the pos- 
Sibility was examined by heating at 60° a 20% aqueous 
dioxane solution containing acetylmethylenetriphenylphos- 


phorane (171) and an excess of heptanal. The low initial 
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(P) eS = 
>, CHCCH, + CH, (CH, ) 5 CHO = CH, (CH, ) 5CH CHCCH, 


171 170 172 
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concentrations of reactants caused the complete reaction 


of 171 to require approximately 20 hours. Glpc analysis 
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(UCW-98) indicated that trans-2-oxo-3-decene (172) was 
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formed in 90% yield. The trans configuration of the 
double bond was concluded on the basis of the nmr spectrum 


of the product.») The» preparation of 2/1 shad been reported 


previously.?* As a follow-up experiment an aqueous diox- 


ane solution of equimolar quantities of 171 and the thiol 
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ester 169 was treated with partially deactivated W-1 Raney 


nickel at 60°. After five hours the solution was filtered 


from the catalyst and then heated to reflux. The yield 


of 172,was ca, 50%.. Not, all,of the heptanal formed reacted 
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even after extended heating. This can be explained if the 
surface of the nickel catalyst had been somewhat basic 
Goes basic enough to have caused partial hydrolysis of 


171). On the whole though, we were encouraged by these 
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findings to proceed with the synthesis of 168. 
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The sequence of chemical reactions, which is 
summarized in Scheme 6, led to the desired compound with- 
out difficulty. Ethyl hydrogen adipate (173), prepared 


from, adipic acid, was converted to its acid @chloride 174 
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which was in turn transformed, following reported proced- 


Gress into undecanedioic acid (175). Treatment of the 
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diacid chloride 176 with one mole equivalent of ethane- 
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thiol gave, after aqueous work-up and chromatography, 177 
in 32% yield. By the same sequence of reactions used pre- 


viously for the synthesis of 145, the carboxy group of 
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177 was transformed via the acid chloride and the diazo- 
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ketone into 180. The nmr spectrum of 180 suggested the 
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presence of approximately 6% of the q-chloromethyl ketone 


181. Reaction of the bromo ketone with triphenylphosphine 
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in benzene and chromatography of the crude product on 
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Silicic acid gave pure phosphonium bromide 182. The over- 


all yield from 177 to 182 was 66%. A small amount of a 
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second compound was isolated during the chromatography of 


132.5) On. the basis Of ies, nmr and. iri spectra, sstructure 


awn 


183 1s assigned to the by-product. The nmr spectrum (CDC13) 


eed 


tt it 
CH, SC (CH4) gCCH, 


183 


shows the absence of aromatic protons, the presence of the 
s-ethy.| thioate: group,, and .agsinglet at 1.7.87. Integra- 


tion, Is consistent with 183., The ir spectrum (CHC1 5) con- 
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tains two carbonyl stretching absorptions at 1707 cm ~ and 


1678 cm +, attributable to the methyl ketone and to the 


thiol ester respectively. In addition there is a medium 


absorption at 1355 cm7+ which is absent in both 180 and 
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182. The wavenumber agrees well with that expected for 
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the characteristic CH, deformation band of methyl ketones. 


Since 183 was present in the crude phosphonium bromide 
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before chromatography, it is not clear to us how 183 was 
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formed. Removal of the acidic proton in 182 was accom- 


~~~ 


plished by adding one equivalent of n-butyllithium to a 
benzene solution of 182. A mercaptan smell was detected 


during the reaction, suggesting that the thiol ester group 


had been partially destroyed by local, high concentrations 
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Oofen=butyllithium formed. during the addition of the base. 
‘The nmr spectrum (CDC1,) of the crude phosphorane 168 
showed a small, distorted and poorly defined triplet in 
the region t 9.0-9.2. This region was clear in the nmr 
spectra of 180 and 182, The maximum amount of n-butyl- 
containing) impurity in 168 was estimated as 20%. Crystal- 
Pivzacvon sot 168 could not be induced; further attempts 

to purify the compound were not pursued. 

The cyclization experiment was carried out in 
the following manner. The activity of a fresh batch of 
W-l Raney nickel was standardized using S-ethyl heptane- 
thioate (169). Thus a 020d" M Ssoluczon OL 169 in 20% 
aqueous dioxane was reduced with partially deactivated 
Raney nickel to heptanal in 75% yield after five hours 
stirring at 60°. A 0.0067 M solution of impure 168 in 20% 
aqueous dioxane, containing cyclododecane as an internal 
glpc standard, was then similarly treated with partially 
deactivateducatalystvat 60° for five hours.) Ther reduced 
solution was cooled, the catalyst was removed by filtra- 
tion, and the filtrate was diluted with roughly an equal 
volume of heptane. The solution (ca. 0.0028 M in phosphorus 
compounds) was dried briefly with anhydrous sodium sul- 


phate and heated at reflux for seyeral days. After work- 


up the glpc trace (UCW-98) of the reaction mixture con- 
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tained five main peaks with retention times equal to or 
longer than that of cyclododecane. By glpc-mass spectral 
analysis one of the peaks corresponded to a compound hav- 
ing an apparent parent ion at m/e 180. Authentic trans-2- 
cyclododecenone has an evident parent ion (P) at m/e 180 


(vide“inira) 


CHO 
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Although admittedly this represents very tenuous 
evidence of cyclododecenone, we decided not to extend this 
work for several reasons. Firstly, the yield of the pre- 
sumed cyclododecenone was only ca. 3-5%. We felt that the 
low yield might be largely due to the nature of the Raney 
nickel reduction. Under the best circumstances, the yields 
of aldehydes are only 75%. Because it is impossible to 
follow the progress of the reduction of 168, it is neces- 


Sary to assume that 168 and the simple thiol ester 169 
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behave identically. This may not be so. In addition, 
the nickel catalyst may be partially hydrolySing the phos- 
phorane group. The synthesis of 161 was consequently 
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approached from another direction. By the second route 
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encouraging yields of cyclododecenone were realized. 


Route 2 

Ltiswobviously desirable to: produce 161 from 
its immediate precursor in guaranteed high yield. To 
avoid unnecessary intermolecular condensations of 161, 
Suchs aigreactilon should bespractical, inshighly dvjiucte solu= 
tions. These conditions are fulfilled by generating the 
aldehyde at an earlier stage in the synthesis and by then 
relying upon the titration of 184 with one equivalent of 
base to set up the molecule for an intramolecular Wittig 
neactron: 
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it + = 
OHC (CH,) gCCH,P>, pee 


184 
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Scheme 7 outlines the transformations that were 


performed in order to accomplish the synthesis of 184. 
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CHC (CH) ,COH SS CH3C (CH,) ,0H 


SS 186 
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Rao and Tata had observed that a solution of borane 


in tetrahydrofuran selectively reduced the carboxy group 
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of 185. They isolated 5-hydroxy-2-pentanone in 64% yield. 
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' We observed a similar preference for borane to reduce the 


carboxy group of 177. A 73% yield of pure S-ethyl 11l- 
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hydroxyundecanethioate (187) was obtained. Saponification 


ww 


and acetylation converted 187 into a mixture of 189 and 


the corresponding mixed anhydride. Hydrolysis of the mix- 
ture in hot aqueous tetrahydrofuran, followed by chroma- 
tography on silicic acid afforded pure 189 (82% yield from 
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187). The bromomethyl ketone 192 was prepared by the usual 
series of reactions. Again a small amount (ca. L022 Or 

the chloro derivative was also formed. Removal of the 
acetyl protecting group was accomplished by refluxing 192 
ime dsy methanol containing astrace, of p-toluenecsulphonic 
acid. Chromium trioxide-pyridine complex, dissolved in 
methylene chloride, ?/ cleanly oxidized 193 to the desired 


~~nw 


aldehyde 194 in less than two minutes and in greater than 
90% yield. Longer reaction times had a deleterious effect 
on the bromo ketone moiety. Although the nmr spectrum of 
the aldehyde was excellent, tlc analysis (silica gel) 
indicated a small amount of impurity. Chromatography of 
Lo4 on slice acid ,veluting*with-armixture of chlorotorm 
and carbon tetrachloride, removed the original impurity 


but tlc of the eluted product showed that a small amount 


of a new substance had formed, presumably the diethyl 
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acetal of 194 (vide Jicba) eho Denzene-—eLly acetate 
as eluent in the chromatography of 194, no complication 
arose. Finally, the phosphonium salt 184 was prepared by 
refluxing 194 and a small excess of triphenylphosphine in 
benzene. To remove the unreacted phosphine, the crude 
salt was applied to a silicic acid column and eluted with 
chloroform containing 3% methanol. Greater than 50% of 
184 was transformed into a new substance(s), which moved 


ww 


on tle (silica gel) with a larger Rp value. The nmr spec- 
trum, (CDCl) gave strong evidence for the presence of 184, 


L955, and 196. A sharp Singlet at t 6.68). characteristic 
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O 
it ok o 
(RO) ,CH(CH,) gCCH,P$,°, Br 


of a methyl ether, and an ill-defined absorption at 1 5.60, 
consistent with the methine proton of an acetal, were 
observed. In addition, an absorption with complex split- 
ting was seen at t 6.2-6.6. Both the chemical shift and 
the complexity of the splitting suggested that the diethyl 
acetal 196 was also present. The aldehyde could be regen- 
erated by heating the mixture in aqueous mineral acid. In 
later preparations of 184, the crude phosphonium bromide 
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was used directly to prepare the phosphorane. We felt that 
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the presence of unreacted triphenylphosphine would not 
likely interfere with the Wittig condensation. 

The cyclization experiment was conducted in the 
following way. To generate the desired phosphorane 161, 


~nw 


a dilute methanolic toluene solution of 184 (approximately 
D200 2s) ewasy treatedvat —/8egwith. 0.8 mole equivalent 

(based on 194) of methanolic sodium methoxide. After warm- 
ing to room temperature, the mixture was further diluted 
with toluene. The majority of the methanol was then 

removed by distilling a small portion of the solvent through 
a spinning-band column. In Experiment 1, the reaction mix- 
ture was refluxed under nitrogen for 100 hours. The approx- 
imate concentration of the phosphorane was 0.0013 M. Exper 
iment 2 was conducted under somewhat different conditions. 
After removal of the methanol, the solution was degassed 

and sealed in a Carius tube, which was then heated at 200° 
for 100 hours. In this reaction the phosphorane concentra- 
tion was about 0.00029 M. Following the heating period, 
each solution was concentrated carefully by spinning-band 
distillation, during. which constant glpc monitoring of the 
distillate showed no evidence of products. A known quan- 
tity of tetradecane was then added to the concentrates to 
serve as an internal glpc standard. 


For the purpose of analytical evaluation of the 


reaction products, authentic trans-2-cyclododecenone (162) 
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was prepared, starting from an isomeric mixture of cyclo- 


. dodecenes (197). The conversion of the epoxides 198a,b 
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into cis- and trans-2-cyclododecenone and the isolation 


of the latter had been reported previously. 7° 
OH 
O 
——— —_-_> 
LOT 198a (trans) 199a (trans) 
+198b aileron + 199b (cis) 


Log 
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taCis-2-cyc Llododecenone 


A glpc-mass spectral analysis (Carbowax 20m) of 
the cyclization concentrates revealed three different com- 
pounds, A, B, and C, Withwlikely parent 1ons ((P) eat m/e. 
180. All three spectra were very similar, differing only 
slightly in the relative intensities of fragment ions. 
Burthermone, Lo2 and C, the isomer with the longest glpc 
retention time, had identical mass spectra and identical 


retention times on various glpc systems (UCW-98, Carbowax 


20m, and .Reoplex). On, the basis that ped; and Cane 
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isomeric cyclododecenones*, the yields of the cyclized 
‘products are summarized in Table 2, For quantitative ana- 
lysis it was assumed that isomers A and b exhibit the same 
glpc response relative to tetradecane as does 162. Evi- 
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dence cited above suggests that C and 162 are one and the 
same. 

Two results of the cyclization experiments de- 
serve comment. Most important are the relatively good 
total yields of cyclododecenones. Secondly, in Experiment 
iy (conducted at 100°), trans-2-cyclodedecenone, the vexpected 
isomer from the Wittig reaction, was the major product. 

In contrast, at the higher temperature employed in Experi- 
ment 2, the results indicate that the initially formed 

162 isomerized extensively. At the expense of 162 the 
yield” oz A tripled and that of B increased about nine fold. 
The relative amounts of ring strain in the various cyclo- 
dodecenone isomers undoubtedly plays an important role in 
determining the proportion of each isomer under equilibra- 
ring conaLepons atlea palbticulan temperatune, 

Purther evidence was necessary thathA,eb, sand C 
are isomeric cyclododecenones. Since the total amounts 


of cyclododecenones in the reaction concentrates were yery 


“The isomeric purity Of Gach of the threerglpc peaks is 


not known. 
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small (ca. 1.8 mg for Experiment. 1 and 0.84 mg for Experi- 
Mment 2), direct isolation of the products was not possible. 
As a second-best solution, each concentrate was hydrogen- 
ated over a palladium-carbon catalyst under one atmosphere 
of hydrogen. The glpc traces of the reduced solutions 
showed no evidence of compounds A, ByA.oL Cc. In their place 
a new substance had appeared. The new product and authen- 
tic cyclododecanone had identical mass spectra and identi- 
cal retention times on various glpc systems (UCW-98, 
Carbowax 20m, and Reoplex). The calculated yields of cyclo- 
dodecanone account for about 65% of the total yields of 
cyclododecenones. The results are tabulated as Experiment 


(1,H and Experiment (2,H,) in Table 2. The correlation 


9) 
between the yields of the enones and the yields of the 
saturated ketone is strong enough to conclude that A and 

C (162) are indeed isomers. 

In another series of experiments the thermal 
stability of trans-2-cyclododecenone was examined. Con- 
cerning this subject, it had been noticed earlier in this 
work that the purity of 162 deteriorated at room tempera- 
ture. An impurity appeared having the same glpc retention 
characteristics (Carbowax 20m) as A. The mass spectrum 
(likely P at m/e 180) of the impurity strongly resembled 


those of A,B, and 162.° (There, were somesdifferences.in 


the relative intensities of corresponding ions in the 


-oLoys to ableky bedelvoias sat , (welgoeA brs mnt 4swodis 


~<7eqxed wor i has aan Sx OY | ao) Lisme 
.oldiaaog Jon sav adouborg ott to: fostelo ek rr ie 0S tn = 
-Agporbyil BBW stetdieonos Anes \cotteboe sued-bncooe 4 oan 
eredgzosivys Sia aobnet jaytcuso Aracen'e . zev0 bade 
sHotiuios beovbs edt to Beesad vale oe ,aayoxbye 3e 
epeiig wietio al 45 40 yo “a abiuwognoy =6 esnsbive on eevee 
-netitia baa 2auboyrg wordt. ,bansaqgs bad sansdadve won 6 ? 
-~ignebs bas Sitpegs aesm isotdmebt bea anonsssbobo loys on 
,804WOU) emydeye  7gip Buel meV ne e amit fokecnatex = 


Jo abfaiy.tates aft 30 $22 Jrods 202 taeou9s scons sebob 


joamissqxd en belsivdss $16 ettivac: sAT .peamorseshoboloyo | 


aoiapionzion sity 0 slhdat. ar (eH &) tnanseeged bas (Hy) _ 


siis Yo ebleiy ef Bas aencde Soy to-ebfety ef? neswied 

bam A seid sbhuloneo od dpions poorte 2 anodes bote1u36a 

-exemogt beahel ets (tal) a 

[ames sy 2ifentivegqxes Io selxee OKI ONS 3 § | “te 

-fo)  sbenisterzs ev enonersbobolayo~S-anex7 te ysiitdsse ‘et 

sind at asiiage heotton need bed dt ,Jostdve widd painres 
-fHiagneay moot FB) hatsookiss ob Sof to, yritwg, ed? * Atow 

neltastes ogle emse aypkat eniver betesgas ye2awemt aA sed 4 Ty 

muz2>eqe seam anit “Kao bands re ee 

', Sadiveees pipaotte: irk eqns sit to sb ev m -Lextit) . 


4 
ek asonexeTib. oe erew oto?) Salo inet pb seods ' 
aes ae 


bad = 


ond mb. ates wobec 20° eal aed ie 


| ie 
_ 


_S _ 


114. 


Spectra of the impurity and A, suggesting either that they 
-May be isomeric or that one of them may be a mixture of 
isomers. For simplicity of argument, the two will be con- 
sidered as identical.) Two identical toluene solutions 

of 162, containing some triphenylphosphine and triphenyl- 
phosphonium oxide, were heated at 110° and 210°. After 80 
hours the solutions were analysed by glpc. The results 
are summarized as Experiments 4 and 5 in Table 2, The 
sample of 162 used in these runs contained some isomer A. 


y~w 


The composition of the impure 162 is recorded as Experi- 
ment 3 in Table 2. 

Qualitatively the results of Experiments 4 and 
5 are in line with those of Experiments 1 and 2. At 100- 
110°, the reaction products of both Experiments 1 and 4 
contained only traces of B. However at 210°, significant 
isomerization of 162 to a substance with a similar gipe 
retention time as B, is observed (Experiment 5). A para- 
llel change is seen when Experiments 1 and 2 are compared. 
_ These findings constrtute further ‘Support (that 262 and 2 
are isomeric. Surprisingly, the content of A remained 
unchanged in Experiments 4 and 5. This may result from 
differences in the reaction conditions between the cycli- 


sation runs ana the lsomerization runs. 


The results of Experiments 4 and 5 were repro- 
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duced when 162 was isomerized in the absence of phosphorus 
- compounds. 

It should be mentioned that in these studies tolu- 
ene proved to be a poor choice of solvent. All reaction 
mixtures were contaminated by varying amounts of benzyl 
alcohol, benzaldehyde, and 1,2-diphenylethane. 

Based on the experimental findings presented in 


Enis chapter, we concluded that Type B ring closure deserves 


serious consideration in our synthesis of methynolide. 
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DG. 
CHAPTER 7 
A SYNTHESIS OF RACEMIC DJERASSI-PRELOG 


LACTONIC ACID 


An effective synthesis of the Djerassi-Prelog 


lactonic acid (+)-32 necessitates that the four asymmetric 


centres be introduced in a relatively high stereoselective 
Manner. Otherwise, the overall yield may be impractically 
low and experimental difficulties may arise concerning the 
separation and identification of diastereoisomers. In 

the preparation of the four lactonic acids 1i3a-d, men- 
tioned earlier in Chapter 4, the Russian workers had to 
contend with these problems. 

The art of stereoselective generation of asym- 
Metricacentres, Im astlexiblesacyclic carbon chain as stil] 
in infancy. It was reasonable then to simplify our task 
as much as possible by introducing the asymmetry into 


cyclic structures. Later cleavage of the ring(s) would 


Giveusuitable precursors or (t)—-32. Accordingly, the 
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trimethylcycloheptenol derivative 200 was selected as the 


‘key synthetic intermediate. Oxidative cleavage of the 


double bond, followed by removal of the hydroxy-protecting 


RO 3 


200 
group, should then lead directly to (+) -32. 

The starting material for the synthesis of 200 
was 3,5,/-cycloheptatriene-1,3-dicarboxylic acid (201). 
The compound had been previously prepared by two research 
groups.” The more recent route of Vogel and coworkers??? 
held distinct advantages and was adopted by us. The speci- 
fic steps are illustrated in Scheme 8 to help point out 
some disadvantages of this method for large-scale prepar- 
auronsia)iinethe Eirsteplace;eaddition of diazomethane to 
the Diels-Alder product 202 to give 203 is not very effi- 
cient. In order to obtain high conyersions (>80%) to the 
pyrazoline in large-scale reactions, it was found neces- 
sary to work-up the mixture at four- to six-day intervals 
and then add fresh diazomethane solution. At least three 


treatments with diazomethane were required. Often the 


solutions contained as much as one mole of diazomethane. 
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Scheme 8 
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The second serious limitation involves the photolytic 


decomposition of the pyrazoline to 204. The photolysis 


~nanw 


proceeded in high yield, only however when relatively 
small amounts (<5 g) of pyrazoline were used. With lar- 


ger portions of 203, significant amounts of by-products 


~~ ~ww 


formed. The impurities were troublesome to remove. 
We planned the ultimate fate of the carboxy 


groups of 201 to be the two methyl groups at Cy and Ce in 


(+)-32. Consequently a cis orientation of the carboxy 


nw 
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groups had to be developed from 201. 
It has been known for some time that amalgamated 
metals of high oxidation potential can reduce a conjugated 


polyene chain, which contains unreactive, electron- 
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delocalizing groups at each end. For instance both sodium 


~amalgam and aluminum amalgam reduce the 1,6-diphenylhexa- 


triene 207 in 60% yield to the 1,6-dihydro product D088 
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In a similar example, phthalic acid is reduced by sodium 


oCH=SCH=-CH=CH=CH=CH6 —— > CH. CH=CH~CH=CHCH.. 
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amalgam to trans-1,2-dihydrophthalic acid Coo” This 
reaction proceeds in yields up to Ages 
_- COOH 
COOH 
209 
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When an aqueous, buffered solution of the disod- 


ium salt of 201 was treated with an excess of 3% sodium 


~~w 


amalgam, reduction took place exclusively at Cy and C3. 

By caretully controlling thie pH.oft the reaction at ca. 8.0, 
210 was obtained in quantitative yield. Analysis of the 
nmr spectrum (100.1 MHz, CDCl.) of the dimethyl ester 

(211) of 210, prepared using diazomethane, permitted an 
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accurate evaluation of the relative amounts of cis and 
trans products present. 


In the trans diester 212, the existence of a 
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two-fold rotation axis (C,) through the methylene group 

necessitates the chemical equivalence of the geminal pro- 
tons on Co. The methylene protons may be analySed as the 
AA' part of an AA'XX' nuclear spin system. This is only 
so because the chemical shift of the olefinic protons is 
well separated from the region of interest. In the gen- 


eral case, the AA' half of an AA'XX' spectrum consists 


of twelve lineses > For 2d2@1ters reasonable towexpece 
chat Jy yO Hz. Then the AA' pattern of the spectrum 

Ul 
reduces to six lines. The experimental observation is a 


tripleta(t././5, J=6 Hz) which further demandssthat the 


Gisvand the trans Coupling constants are equally (ie: 
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In .contrast to 212, the cis diester 213 has a 
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mirror plane (m) through C5 and no two-fold rotation axis. 
Consequently the two geminal protons on Cc. are not chemi- 


cally equivalent. The two protons that are labelled Hy and 


He in 213 may be treated as the AB part of an ABX. Spin 


system. The nmr spectrum of the second diester isomer 
exhibits a methylene pattern consisting of 12 lines. This 


is in line with what would be expected for an ABX. system 


2 
but is incompatible with the AA'XX' nuclear system. There- 


fore this diester must be the cis isomer. The 12 lines 
appear as four, off-centre triplets (see Figure 7). The 
indicated values for the coupling constants Jn x and Jay 
A ’ 
are only approximate since the spectrum LS not hinst 
Figure 7 
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order.* Assignment of the two separated, low-field trip- 


*From the chemical shifts and J values for protons H H 
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and Hy listed in Figure 7, computer calculations based on 


nigh (AGA 8 0 treq dA ows S Scaleanan eae 
yomee: xejeulh batooee eit te myaioega ama edt : 
aid? .eSihl £1 to pietvetenod suetteg s etididxe 


ise boyy a 4s YOR betbagns sad Biiow: ! -. ab ek 
—stai!  ne@see tésigun "28 AA ee lw eh 


ak 4: ch 

a 7 

sant’ Siow .ssmeed alo oY od obom tedeshb: eta e107 

ait .{%, oxjmt® epa) efolgiad gidaso-246) ¢xzvot eo aeeggs 
_,_o bre , »t ettnbenop griiques «3 to eepley De 


deal? 4on ac memipege od? Bone etemlxexaqe yinto 
S otupist oe 


' ie reat a =. om : 
| a Si 


<A] Rahs i 


SEBOaA 


lets to Hy is based on two pieces of evidence. Molecular 
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models suggest that 213-A, in which the carbomethoxy groups 


www 


are "equatorially”" disposed, is the favoured conformation 
of the cis diester. In this conformation the dihedral 


angles between He and H,. and between Ha and Hy. are roughly 


170° and 80° respectively. Therefore according to the 


Katplus relation, J should be larger than J Dec 
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ondly, the spectral representation in Figure 7 is really 
an over-simplification. Each of the six low-field lines 
LSM Lact LuGther split into a doublet Welz)... Bic 


so-called zig-zag or W configuration of Hy and the olefinic 


protons at C, and C._ supports the involvement of Hy rather 
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than H. in this long-range effect.* 


The product (210) £rom the sodium amalgam reduc- 
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tion Surprisingly contained 79% of the cis asomer 214. 

a general four Spin system reproduce the Observed methyl— 
enrewsplLitilig  palLern. 
*ivradiatvon of the olefinic protons in the mms spectrum 


On 213 sremoves this 1 Hz coupling. 
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Under epimerizing conditions, 213 is transformed (>95%) 


wwe 


Sine o 2l2. In contrast, the reduction of phthalic acid 
leads exclusively to thermodynamically more stable trans- 
LPe2-dihydrophtiialic acid (209). 

Only the cis-cycloheptadiene dicarboxylic acid 
was Of use. When the mixture 210 was heated briefly in 
acetic anhydride, either alone or in the presence of pyri- 


dine, the cyclic anhydride 215 was formed in 80% yield. 


From 215 it was a simple matter to obtain 214. 
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O COOH 
210 ——>»_—-> 0 ie 
a COOH 
215 ITA 


A critical stage had been reached towards the 
synthesis of 200. Specifically one of the double bonds 
nu gt 214 had to be difunctionalized. The most direct route 
to the trans-related hydroxyl and methyl groups (see 200) 
is to open the monoepoxide of 214 (or a derivative thereof) 
with a methylating reagent. Only the epoxide that has the 
ail—cis contiguration = (i.e. 216) LSpuseruleiny thiswapproach, 

Directing effects in epoxidation reactions are 
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well known. Since 1957 when Henbest and Wilson nie Riexcpi 


announced that a cyclic olefin containing an allylic 
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hydroxyl may be converted by organic peracids predominantly 
LOe the *cis sepoxide) =the Hrench research group = led by 
Mousseron has demonstrated the generality of Henbest's 
findings for the preparations of a wide range of cyclic 
epoxides. In a dramatic example, +9 monoperphthalic acid 
converted 3-epicholesterol (218) almost exclusively into 


the a-epoxide. Only 5% of the product was the g-isomer. 


In contrast, the reagent attacked the acetate of 218 
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HO? HO* 
O°" 
218 219 
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solely from the g-side. We were hopeful that a derivative 


of 214, such as 220, might also undergo mainly cis epoxi- 


n~w n~ww 


dation. One advantage of 220 is its symmetry. Only two 
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monoepoxides are possible. This should help simplify the 


interpretation of experimental results. As in 218, the 


~~ ww 


ylsasnincterq ablveveg sedeeeer vd Castine 6 oe te 4 

cs bos alba doadeben soaout <i jaletlge a 
ssodnoH 76 yFEfeveASp S49 beterddiomeh eed norsesi 

pifoys lo spnst shiw » 20 etobversgeiq a3 2% epribalt 

bine 22kAdatquegonom: aur sitmexa citembTe & smn <asbixogs 

o4eat yieviewioss seomis (ebsy Soresaviodpiqe-t er . 

cemmei-g of3 saw wouboR®, abt te #2 ghHO obixege-0' edd 

Bis, to aJaltmonl seit: tielaetae —T feerd905 AE - 


evisesviteb & godt ae ia : 


2S ee 


Ze 
OH 


OH 
220 


OH groups in 220 are homoallylic, however the latter have 
greater orientational freedom. The possible importance 
of this difference to the reaction mechanism was appreci- 
ated. 

The alkylation of allylic epoxides has caught 


106 have shown 


little attention. Recently however workers 
that both methylmagnesium chloride and dimethylmagnesium 


cleave the oxirane ring of. 221 primarily by 1,2-addition. 
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Appealing to us was lithium dimethylcuprate (aoien asa 
methylating reagent. Its low basicity would be advantage- 
Oust Sthe Regroups in 216 were susceptible to epimeriza- 
tion. The cuprate reagent is known to open oxiranes in 

good yield, with inversion at the newly alkylated @arbon.?°8 
Unfortunately when 221 is the substrate, 94% of the crude 


product is derived from desea vanes s However to as- 
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sume on this information that 216 would also form the 1,4- 
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product seemed to us unjustified. The accessibility of 


the terminal carbon of the double bond in 221 would be 
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Expeclced= LO Lavour L,s—accdm@Uron., 
in- order to-assess more’ contidently the” appiica- 


bility of 222 to the reaction 216+217, we examined the 
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products obtained when 3,4-epoxy~l-cyclohexene (223) is 
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trGated with 222. The alcohols 224 and 225 are obtained 
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in roughly equal proportions With ah overall»yrveldvor 35- 


904,04 This study was performed by Drie Ci. Kine Shortly 


after the completion of this work, two research groups*9? 


X25 224 Bie 226 
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reported results in agreement with ours. The only impur- 


ity in the product is 3-cyclohexen-l-one (226), occurring 
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invariable amounts “(0=-23%). Staroscikyand Rickborn faiso 


found that alkylation using dimethylmagnesium gives 224 
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as the sole product in 95% yiela,1°?a 

With knowledge of the behaviour of various methyl- 
ating reagents on 223, we next directed efforts towards 
the synthesis of 216. The diol 220, prepared by the reduc- 
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tion of 215 with lithium aluminum hydride, was treated 
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with one mole equivalent of ‘m-chloroperbenzoic acid. The 
“reaction product(s) proved to be difficult to analyse. 
Chromatography of the crude product and certain of its 
derivatives did not afford any identifiable compounds. 
Likely one factor contributing to the problem was the 
nature of the product. Monoepoxides of conjugated dienes 
are known to be sensitive compounds, particularly towards 
aetae nth? 
The direct epoxidation of the cycloheptadiene 
dicarboxylic acid 214 was then examined. One mole equi- 
valent #of m=chloroperbenzolceacid reacted Grather asiowly 
with 214, At room temperature, approximately 24 hours 
were required for the disappearance of 90% of the start- 
ing material. To aid in the interpretation of the nmr 


spectrum, the crude mixture was esterified using diazo- 


methane, The nmr spectrum (CC1,) of the esterified pro- 
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duct was too complicated to analyse. Nevertheless the 
gross features are very informative. Besides the absorp- 


tions due to methyl m-chlorobenzoate, the spectrum con- 
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tains a two-proton multiplet centred at 1t 4.07, methylester 
peaks (six protons) at +t 6.15-6.34, a broad four-proton 
absorption at t 6.30-7.20, and a two-proton multiplet 
centred at t 7.80. The general appearance is therefore 
consistent with the structure of a monoepoxide. In fact 
both possible monoepoxides, 227 and 228, are formed in 
nearly equal amounts. This conclusion was reached by 
examining an expansion of the region containing the methyl 
Singlets (Figure 8). The large singlet at 381.0 Hz is due to 
the methyl group of the benzoate ester. At higher field 
there are two pairs of singlets in a ca. 60:40 ratio. 

The small amount of 213 present shows as a slight intensi- 
fleation Oft the peakeat 359.5 Hz. 

A mixture of methylene chloride and tetrahydro- 
furan was the solvent medium for the epoxidation. Attempts 
to increase the stereoselectivity of the reaction, either 
towards epoxide A or epoxide B, by varying the solvent sys- 
tem met with little success. With pure tetrahydrofuran 
the isomer ratio changes to 1:1. Although the epoxides 
were not further Sher aealeenl we felt quite confident 
that 227 was present in the product and we decided to con- 
tinue with the synthesis. 


When the crude epoxide mixture (227 and 228) 


was chromatographed on silicic acid to remove the methyl 
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m-chlorobenzoate, approximately 25% of the product was 
_ transformed into a more polar substance. The ir spectrum 
of the new compounds exhibits a hydroxyl band (3640-3200 


cm +) and a broad carbonyl band (1749 cm™+ 


). Coupled with 
an nmr analysis, the likely structure of the substance is 


shown below: 


The assignment of the chemical shifts in the nmr spectrum 


Of 229 is summarized in Table 32 Of particular ampor tance 
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in support of structure 229 are the isolated absorptions 
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at + 5.04 and + 5.94. The position of the lower-field 


multiplet is quite similar to the Ce DLOCOM O tecos mimo cy 
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Seceslable 4), “There 1s no doubt about. the structure of 


233. The half-height width (60 MHz) of the two methine 
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half-height width of the broad doublet of doublets at 7 
5.94 in 229 is 14 Hz. Furthermore, a chemical shift of 
«+ 5.94 is characteristic of a methine proton geminal to 


the hydroxyl group in allylic alcohols. For instance, in 


compounds 199a,b the proton at Cy appears as a broad 
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Table 3: Nmr Analysis (60 MHz, cDC1,) Of. 229 


Chemical Shift (t) and Multiplicity? (Hz) 
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a) For an explanation of the multiplicity abbre- 


viations, see page 204, Chapter 10. 


absorption at +t 5.96. Also from a mechanistic viewpoint, 
there is support for structure 229, Presumably the path- 
way to the lactone involves partial hydrolysis of the 
unstable allylic epoxide during the chromatography on 
Silicic acid, followed by an internal transesterification. 
Hydrolysis of the cis epoxide 227 would be expected to 
give 230. Laconization leads directly to 229. In con- 
Enact, 228 would be expected to give 231 or 232. 


v~~ v~e 


Although lactone 229 was of no use to us, we 
were encouraged simply by its formation. The result sug- 
gested that if, in the place of water as the nucleophile 


attacking the oxirane ring, a methylating reagent were 


substituted, then perhaps an analogous alkylated lactone 
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could be isolated. We found this to be the case. To 
minimize the possibility of concurrent epimerization of 
one of the carbomethoxy groups, lithium dimethylcuprate 
was chosen for the methyl source. Thus as described 
above, the diacid 214 was converted to a mixture of 227, 
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228, and methyl m-chlorobenzoate. Without further puri- 
fication the mixture was added to a cold solution of 
lithium dimethylcuprate. Reaction appeared to proceed 
immediately, with the formation of a heavy yellow preci- 
pitate. Hydrolysis in aqueous ammonium chloride solution 
followed by careful chromatography on silicic acid gave 


a 35% yield of a colourless oil which solidified slowly. 


Recrystallization of the solid afforded an analytically 
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pure alkylated lactone (mp 64.0-65.0°) in’an overall=yireld 
- Of 27-30% from the cycloheptadiene dicarboxylic acid. 

Transformation of the monoepoxide diesters into 
the methylated lactone was to be a key step in the syn- 
thesis of (+) -32. Much of the credit for the development 
of this reaction belongs to Dr. Kim. Later Drs. Davis and 
Yamamoto introduced significant improvements in the exper- 
imental procedure. 

Several isomeric structures for the lactone were 
examined. These are shown as 233-236. Only one isomer, 
namely 233, was of use to us in further work. It was 


therefore important to establish the structure of our lac- 


tone with as much certainty as possible. 


0 COOCH, 3 9G 
h ber ail 
ro) 6 XK 
' , COOCH 
Cc cH, a) 
233 234 O35 236 
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On the basis of the known course of the methyla- 


tion of the model substrate 223, structures 234 and 235 
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were considered highly unlikely. Analysis of the ir and 
nmr spectra of the lactone provided strong evidence for 
structure 233. The 1r spectrum (CHC1,) exhibits a broad 
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Maximum at 1741 om, This value falls within the expected 
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range for a $é-lactone and thus provides the first piece 
of evidence ruling out the y-lactone 235 (normal C=O str., 
1780-1760 en oe All isomers with a $-lactone moiety (not 
shown above) can be confidently excluded. The assignment 
of the nmr spectrum to 233 is shown in Table 4. The inter- 
pretation of the decoupling results is complicated by the 
coincidence of the chemical shifts of Hy and He and by the 
presence of long-range couplings involving the olefinic 
protons. The position of CH-CH, (Te Cane if U'3) is located 
by irradiating the high-field methyl group. Decoupling 
the “low-field olefinic proton (1 (4.19) “strongly abtects 
thegCncoo- "(ester sore*lactone) signal atest cate 6.86. There 
is no accompanying change in the nearby two-proton absorp- 


iver) che 4 Ca, 7.03 (CH-CH- Jand the other CHCOO-). Back- 


5 
irradiation at ‘t 6.86 removes an 8.5 Hz coupling in the 
low-field -olefinic=proton. “Therefore sthe=firet=CHCoO- 


must be adjacent to the double bond (partial structure A), 


CH,, HO [ Coo 
OOC H 
Partial Structure A 


thereby eliminating possibility 236. Irradiation at t 7.03 


reveals a long-range coupling (2.2 Hz) between H and CH- 
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Table 4: Nmr Analysis (100.1 MHz, cpcl,) of Lactone 233 


Chemical Shift (t) and Multiplicity* (Hz) 


Proton Bee ‘& 
I M lu = 
rrad'd H, H3 He COOCH., Hy H4 6 er Cy CH, 
4.19 4.48 See 6.25 6786" 7203" 27752 8.87 
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a) For an explanation of the multiplicity abbreviations see page 204, 
Chapter 10. 

b) The splitting pattern is not first order. However for comparison 
of the effects of double resonance studies, a visual interpretation 
of the multiplicity and the coupling constants has been included. 

¢) The partial collapse of coupling constants in the Ho absorption, 
observed during irradiation at 46 or Hy probably results from 
the unavoidable perturbation of the overlapping signals of Hy oT 


H respectively. 
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CH. The size of the coupling constant can be rationalized 


only if the methyl group is attached to C The conclusion 


4° 
is reached that 233 PSE thescornect structures 
Although the constitution of the lactone had been 
established as 233, there wasva small, but distinct pos- 
Sibility that the lactone did not have the stereochemistry 


implied in structure 233. The other configurational pos- 


epimer Of (239i5 — ihe reason, for 


Sibility 237 was the Ce 
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suggesting that the lactone might be 237 was based on an 
experiment to examine the stability of dimethyl cis-4,6- 
cycloheptadiene-1, 3-dicarboxylate (213) towards lithium 
dimethylcuprate. After treating 213 with the cuprate in 
a Manner similar to the lactone reaction, the mixture was 
decomposed at low temperature with a solution of acetic 
acid in ether. (Equimolar amounts of methyllithium, used 
to generate the cuprate salt, and of acetic acid were 
employed.) Final hydrolysis with water gave a reaction 
MLXCUre with a pH Of 5.5-6,0.8 “Arter LSOlatiton, ecue 


dimethyl ester was analysed by nmr spectroscopy. Approxi- 


- 7+ ie 
beatisaotsex sat- 


| ae Ye 
, ee 


7 


18 dasten09 pai Lqwos eric zit os k 

Peed 

nal aut one ait: a ‘ud ‘Bediontae at ane Lws 
92nd bass 4oe712109 odd, al ee 

- 

need bad enodsal ade to neds bees: a apna 

~nog Jouivat tid tS x sew ‘mde ets as ‘Beddtiacine 

yrnimadoowsweta of Oven Jor bie aeons otis ands yori ie 


-30y laenotvarypltaos ako. oar <e5 aitourte ab be iigmt 


202 neeaen 4A ECS) tor Paemtie 96 one ¢aw te 


7 


VES 


- ww Th 


He no bedded paw tes ad dadpim anotpet a) — palseeny 
~%, aro tystvemsp to yiilideta edz Sr Ams ae doom sake 
myinth sohewed (kis) stelyxodueoib=t ianstbasani Loge 
nz efeagus edd dyin ELS paiszous - z99tA 2% sol yaion mb : 
a6Ww 2200 im ede okaanes paosoel ond oF wad cniaie ts innit, 
Sites Io nokegive r gaa oxudeutgme “wot io bes . seams 


Rea muskets RE kage rein, Ye etawoms saisiatsed ne ive at 6 Sati 


aay bina ataean 2 | bnew, ‘8 sarees nore iar cy ot 


noktosss & canes cols eee im 


ea + wobbles 0230 ie 30, Ng a vi ie wl SHL 


a 


Le7* 


mately 18% of 213 had epimerized. (Epimerization during 
.work-up is unlikely since it had been shown in another 
study that both the cis dicarboxylic acid’ 214—and “ts 


www 


diester 213 are stable towards a methylene chloride solu- 
tion of m-chlorobenzoic acid.) Compound 2377 might arise 
therefore 1£ the allylic carbomethoxy group of the trans 


allylic epoxide epimerizes when treated with the cuprate, 


(COOCH COOCH, 
’ 3 
'o cece ate: Seeman co Zoe) 
Her 
“a 3 \ 
COOCH 3 = COOCH 
ae 3 
M 
228 238 

either before or after the cleavage of the oxirane. Never- 


theless, we did not consider 237 likely to be the structure 
of the lactone. Only 18% epimerization occurred during 
extended stirring (5 hr) of 213 with the lithium cuprate 
whereas, starting from a 1:1 mixture of cis and trans 
allylic epoxides, the lactone is isolated in 27-30% yield 
arter a reaction. time of only 30-45 minutes, ~in conclu- 
sion we felt quite confident the structure 233 represented 


our lactone. 


*The purpose of this work was to convince us that the chances 
of epimerization during the epoxidation reaction were 
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The lactone was an important intermediate. All 
of the stereochemistry contained in 200 had now been intro- 
duced. The next stage in the synthesis was the reduction 
of the carbomethoxy groups to methyl groups. 

A number of methods to reduce an ester to a 
methyl group are known. The two most common routes are 
indicated below. Various reagents are available for carry- 


ing out the final step in both routes. Unfortunately most 
Route. 1: 


RCOOR' ——» RCH,OH rr ce ONES RCH 


2 3) 


X=sulphonate, halide, SR" 
ReOute 2: 


RCOOR' ——— > RCHO => RCH=Y eae ee 


Y=R"N, (R™S) 5 


of these reagents (e.g. lithium aluminum hydride, sodium 
borohydride, catalytic hydrogenation, active metals) have 
rather broad spectra of reactivity towards various func- 
tional groups. Therefore undesirable transformations at 
other locations on the substrate may occur during the 
reduction. 

tn 1971 Hutchins and coworkers? tt reported that 
sodium cyanoborohydride (NaBH,CN) dissolved in hexamethyl- 
phosphoramide (HMPA) is capable of reducing, under very 


mild conditions, tosylates, bromides, and iodides to the 
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corresponding hydrocarbons. The reported yields are excel- 
lent--many yields were greater than 90%--and the reagent 

is inert to most of the other common functional groups 
(e.g. aldehyde, epoxide, ketone, nitrile, and ester). The 


ease of the reduction follows the order: 
1 32 Jehe 53 (Ouue. 


In an impressive example, the authors reported the conver- 
sion of the neopentyl alcohol 239 to 241, via the iodide 
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240. The overall yield is 58%. 
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If the lactone were converted to 242, sodium cyanoboro- 


hydride appeared to be an ideal reagent to get to 200. 


X 


RO 


242: xX=I, Br, or OTs 


we 


Dr. G. Spessard in our laboratory tested the plan on the 


model compound 247. The synthesis of 247 was StraLlgiie= 
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forward (Scheme 9). The known substance 1,4-cyclohexane- 
carbolactone (244), prepared from ethyl p-hydroxybenzoate, 174 
was reduced by lithium aluminum hydride to the cis diol 


245 which was then converted in 73% yield to the primary 


OH 
COOC ,H,. 
__— > foe a 
O 
OH OH 
a4 3 244 245 
i OTs 
CH, 
<—_————— <~_—— 
OH OH OH 
248 247 246 


tosylate 246. Subsequent treatment of 246 with anhydrous 
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sodium iodide in refluxing acetone did give 247, but the 
reaction was slow and the yield was only 59%. When a solu- 
tion of the iodide 247 and commercial sodium cyanoboro- 
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hydride in dry hexamethylphosphoramide was stirred at room 
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temperature, no reaction occurred. However by simply 
warming the solution to 70°, reduction proceeded smoothly. 
After heating overnight, a product was isolated. Living 
up to Hutchins' claims, the crude product, isolated in 89% 
yield, proved to be cis-methylcyclohexanol (248), contam- 
inated with only traces of impurities. 

During the reduction the hydroxyl group of 247 
had been letr unprotected. ita. Only a trace al Mosceor 


the bicyclic ether 249 was formed attests to the very mild 


~~ ww 


O 
249 
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nature of the cyanoborohydride reagent. 

The.analogous reduction of «the tosylate 246 did 
not proceed well. Forcing conditions (extended heating at 
120°) were necessary, 248 was formed in only 30% yield, 
and no starting material was recovered. 

The preparations of 245-248 are ancluded in the 
experimental section (Chapter 10). 

The general sequence of Scheme 9 was then applied 
to lactone 233. Reduction of 233 with lithium aluminum 


hydride gave a viscous, oily triol (250). After scrupul- 


ous drying, a pyridine solution of the triol was treated 
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with two mole equivalents of p-toluenesulphonyl chloride. 
Standard work-up and rapid chromatography on silicic acid 
attordedaa pure ditosy lates (251)ein.75¢ yield from 233: 


The nmr spectrum of the ditosylate showed that, as expected, 


OH OTs 
2330 ——e —— 
HC HC 
OH 
a HO OTs 
250 ge 251 
OTs —_ 
HC 
OTs 
O 
252 
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both tosyloxy groups are primary. The OH stretching band 


Myacne lt Spec triune (04cm Nagle, sCHes 
iL 


3) Of 251 appears as 


a triangular peak at 3570 cm. Apparently the hydroxyl 


is strongly hydrogen-bonded with a tosyloxy group or with 
the double bond. 
Compound 247 had been successfully reduced to 


Nnww 


248 without prior protection of the alcohol function, fn 


~~w 


the final cleavage of the double bond of the cycloheptene 


system [(200+(+)-32], we thought that protection of the 
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hydroxyl group would likely be necessary. By introducing 
the mask at the present stage in the synthesis, it would 
then serve also as insurance against complications in the 
cyanoborohydride reaction. In dry pyridine at 0°, the 
reaction of 251 and benzoyl chloride was remarkably slow. 
Twenty-four hours were required for the complete disap- 
pearance of starting material. The crude product, after 
the customary work-up procedure, was freed of benzoic 
anhydride and small amounts of impurities by chromatography 
Onesie Telcvacia., =Pure 252 was obtained as a colourless 

Oil in 90% yield. Noteworthy about the nmr spectrum 
(CDC1.) of 252 is the upfield shift of one of the 

aryl methyl singlets. While the two aryl methyl peaks 

are coincident. (t--7.55) in the nmr spectrum (CDC1.) of 251, 
the two signals are well separated in the spectrum of the 
benzoate (1 7.55 and 1 7.66). Presumably the p-methyl 
substituent of the tosyloxymethyl group vicinal to the 
benzoate experiences anisotropic shielding from the 
neighbouring aromatic nucleus. 

HOt) 2 Le and 252 decompose to a greater or less 
extent if their chromatographic purification is prolonged 
unnecessarily. The hydroxy ditosylate is transformed into 
a substance (253) having a larger Re value on silica gel 


and silicic acid. The structure remains obscure but nmr 


results (CDC1,) suggest that two tosyloxy groups are pre- 
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Sent SeeAthigh-field methyl doublet (t 9.06, uJ=7.3 Hz) us 
also evident. The fate of the benzoyloxy ditosylate upon 
decomposition is the hydrolytic product 254. Comparison 


OTS 


OH 


254 


yw nw 


of the nmr spectra (CDCl) GF 252 and 254 reveals that the 


~~n ~n~w 


four-proton multiplet at 1t 6.06 in 252 has been replaced 


yv~wew 


by a two-proton doublet (t 5.98, J=6.5 Hz). <A new, com- 
plex, two-proton doublet (J=8.5 Hz) has appeared at tT 6.60, 


a value characteristic of -CH.OH™ In addition, the thigh 


2 
bield- aryl methyl sangletw (— 7.06)" in 252 has vanished, 
being replaced by a hydroxyl proton. In all other aspects 
the spectra of 252 and 254 are very Similar. 

Sodium iodide~-acetone had afforded only a 59% 
yield of iodide 247. In an effort to improve the dis- 
placement reaction, both from a standpoint of reaction rate 
and of yield, other experimental conditions were investi- 
gated. We have found that by refluxing an acetonitrile 
solution containing an organic tosylate and anhydrous 


lithium bromide, the corresponding bromide is produced in 


excellent yield. In an analogous manner, a solution of 
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252 and anhydrous lithium iodide in dry acetonitrile was 
wheatedwundermitrogen. “Upon reaching = reftlux*temperature, 
the solution had become orange (the presence of I.) and 

a white precipitate, presumably lithium tosylate, had 
formed.” Arter” 35 hr, tle” (silica gel) showed that no 
starting material remained. A single new spot exhibiting 
a large R value had appeared. The crude product was iso- 
lated as a pale yellow oil. Nmr analysis showed the pro- 


duct to consist mostly of the desired diiodide 255. How- 


ever a Significant amount of impurity was also present. 


4 y A 
252 ——— a awe 
uaa Hc 3 
: L 
Sr : a 


OF 355 O56 


nw 


The impurity appears in the nmr spectrum (100.1 MHz, cDC1.) 
as at least eight sharp singlets, distributed from high 

to low field, the strongest singlets occurring at Tt 4.64 
and t 7.68. These extraneous peaks undoubtedly reflect 
reaction complications arising from the solvent, aceto- 
nitrile. Chromatography of the crude diiodide on silicic 
acid does not partition the impurity and the cesired pro- 
duct. In addition to the integral behaviour of the impur- 


ity and the product on chromatography, the nmr spectrum 
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reveals that only 75% of the product that contains a ben- 
zoyloxy group also contains a disubstituted double bond. 
These results would infer that the side reactions which 
involve acetonitrile also, to at least some extent, impli- 
cate the double bond of the cycloheptene system. As the 
simplest explanation, the presence of the iodine, which 
is responsible for the orange reaction colour, and/or an 
unnecessarily long reaction time might be to blame for 
the complications. The experiment was therefore repeated. 

The reaction was carried out in the presence of 
mercury??? to remove the iodine formed and the disappear- 
ance of the starting ditosylate was carefully monitored. 
Under these conditions, the refluxing reaction mixture 
remained completely colourless and no starting material 
was detected after only 18 minutes. During work-up, 
mercury salts were removed by washing a benzene--pentane 
solution of the crude diiodide with aqueous sodium thio- 
sulphate solution. The product then needed only filtra- 
f£i0on through a small column of silicic acid, The diiodide 
255 was obtained as a colourless oil in excellent purity 
in 92% yield. Analysis of the nmr spectrum of 255, sum- 
marized below in Table 5, fully supports the assigned 
SELUCTULE. 


The chemical shift of H, is revealed by irradia- 


2 
ting the methyl doublet. The methine protons H, and Ho 
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are identified by the decrease in the half-height width of 
the two-proton multiplet at 1 7.50 when, the symmetrical 


absorption, attributed to the C,-methylene group, is irra- 


6 


diated.) When the spectrum is decoupled from CH-CH there 


BY 
1s) a mankedicolldpse of both the CH-O and thevolefinic 


Signals.) -Thus CH-CH. must be straddlediby anczolefinic 


3 


proton* and by the methine proton geminal to the benzoyl- 


Oxy group. (The chemical shifts of H. and H. are suffici- 


ently different not to cause any ambiguity in the inter- 


pretation of the results.) The appearance of Hoy and 


Hoi (note c, Table 5) suggests that the chemical shifts 
of the two protons are quite different. The spectrum 


obtained when He and Ho are simultaneously irradiated hints 


that the chemical shifts of Hoi and Hop are roughly T 
6.77 and t 6.90 respectively. The assignment of Hein 5'B 
Ul 
and Hoy 713 is based on the assumption that it is more 

t 


reasonable to expect the iodomethyl protons adjacent to 
the benzoyloxy group to show greater chemical non-equival- 
ence. This assumption is strengthened by the nmr spec- 


Lum. (CDE 1 of 256 which also shows the iodomethyl pro- 


3) 
*The collapse of the olefinic absorption seems too exten- 
sive to be due to the removal of a small coupling con- 

stantiiuse Hz); which could besattributedsco a long-range 


coupling between =CH- and ~CHCH,. 
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tons aS a broad series of sharp Signals (tT 6.40-6.75). 


An attempt to prepare the diilodide 255 by heat- 


~~ww 


tng One sOMi aiteSo.° and 0 Nr at 90° aa coltmisonscor 252 


and sodium iodide in wet hexamethy lphosphoramide’t4 gave 


exclusively a single, new compound which almost certainly 


must be 256. Strong evidence for this structure is derived 


_y~nw 


from its nmr spectrum (CDC1,) which indicates the presence 
Oftra, benzoyloxy.group, .angal iphatac methyla~doublet (7985, 
J=7.0 Hz), and a four-proton olefinic pattern character- 
istic of the diene moiety in 256. (The olefinic absorp- 


tion is very similar to that observed for 260.) The two- 


aww 


proton “doublet” (see note b, Table 5) observed for the 


allylic iodomethyl group (Hoan 5'p Of Z255)s1 Snot pGesent 
, ee 


although, as noted above, the complex splitting pattern 


of the Gon protons is very evident. Mechanistic arguments 


also support 256 since the homoallylic tosylate and iodide 


pertions, of .252..and 255; should be prone to elimination 


under basic conditions. The reaction solvent, HMPA, is 


ls) 


well known to possess basic properties.+ Cyclohexene 


is formed in 62% yield by heating cyclohexyl tosylate in 


HMPA at 100% for 6 eee Dehydroiodination of 255 and/ 


~wn 


or 257 has also been observed (vide infra). 
The diiodide, now obtainable in a fast, high- 
yield reaction, was next subjected to Hutchins' reaction. 


In the first attempt to reduce 255 “to 258, the reaction 
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conditions that had successfully reduced 247 were employed. 
The reaction was worked-up after 17 hr heating at 70-75°. 
No iodomethyl protons were seen in the nmr spectrum of the 
crude product. However the spectrum showed the product to 
be ja mixture of compounds. By gipce (UCW-98) two major 
substances were present in approximately a 1:1 ratio. To 
separate the mixture, the benzoyloxy group was first 
removed in refluxing methanolic sodium methoxide and the 
resulting alcohols were effectively separated by chromato- 
Graphy onesilicic acid. "Gratirvingly, thestirstealcono! 
to be eluted exhibited an nmr spectrum (100.1 MHz, cDC1.) 
entirely consistent with the desired trimethylcycloheptenol 
259. Most important of the features are a two-proton ole- 
finic multiplet at + 4.48, a one-proton doublet of doub- 
lets vat 76.43, and three methyl sdoublets sat 7 8.90-9..05, 
Furthermore the mass spectrum of the alcohol has an appa- 
rent parent ion at m/e 154 (P for 259). The second alco- 
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hol shows an apparent molecular ion at m/e 152 (P for 260). 
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Evidence for structure 260 is provided by its nmr spectrum 
(CCl,). The olefinic pattern is consistent with the struc- 
ture of the diene moiety in 260. There are multiplets at 

TiS dH) ee OD blH)ysand S2a245(2H), .=—.Ancdoubletsnofedcub— 
lets (1H, J=8 Hz and 3 Hz) is evident at t 6.63 as well 

as two well-separated methyl doublets (t 8.92, J=7.5 Hz 
and.7 9,l10,.J=/.3 Hz) atvhigher field... A,bsoaderive— 
proton multiplet; at 1 7.4-8.4 completes the spectrum. 

From the results of the reduction experiment it 
was obvious that dehydroiodination presented a problem, 
However it was not at all clear whether it was the basic 
nature of the cyanoborohydride ion (or of similar tetra- 
valent boron species) or of HMPA that had been responsible 
for the elimination. A third possibility was that the 
commercial sodium cyanoborohydride contained boric acia’?/ 
as an impurity which might have catalysed the elimination. 

To remove any boric acid and/or sodium boro- 


al 


hydride,* the reducing agent was recrystallized twice 
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fod If HMPA were 


from tetrahydrofuran--methylene chloride. 
involved in the elimination mechanism, then presumably the 
proportion of elimination product should be decreased by 
making the oxygen atom of HMPA less basic. To accomplish 
this, one approach was to reduce the amount of HMPA used 
in the reaction to the point that the mole ratio HMPA: 
NaBH,CN<1.0. The reasoning behind this was that most, if 
not all, of the phosphoramide oxygen atoms would then be 
involved in the strong solvation of the sodium cations.* 
In this way, HMPA should become less efficient at promo- 
ting elimination but still serve its prime role of supply- 
ing cyanoborohydride anions of high nucleophilicity. 


The reduction was repeated. Dimethoxyethane was 


used as solvent; the mole ratio of reagents was 


255:NaBH,CN: HMPA = 131099. 


The reduction at 75° proceeded slowly, requiring 30-40 hr. 
The glpc trace (UCW-98) of the crude product showed four 


compounds. One of the two main benzoates that had been 


*HMPA in benzene solubilizes lithium bromide. The equilib- 
rium constant for the complexation process 
HMPA 4+ Libr ———- |HMPAL. 2 GL ea] 


is known to be significantly greater than unity. +28 
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153% 


obtained in the previous experiment now composed ca. 81% 
of the mixture. The other benzoate represented only 4% of 
the werude product... NoOvwsignals attributable co the diene 
moiety in the benzoate of 260 could be seen in the nmr 
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spectrum. = The spectrum was in full accord with structure 


258. The absolute yield of 258 was ca. 72%. (When com- 
CH. 
255 Sones on —>> 259 
HC we 
() 3 


258 
mercial sodium Ss Ne METI PRES, which had not been pre- 
viously purified, was used, the proportion of diene in 
the crude product rose to only 8%.) Crude 258 was puri- 
fied in the same manner as before, namely by transesteri- 


fication to 259 and chromatography. Surprisingly strenu- 
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ous conditions were necessary to effect the transesteri- 


fication. Table 6 summarizes the nmr data of 259. 
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The OH stretching region in the ir spectrum of 


259 reveals strong intramolecular hydrogen-bonding (3581 
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om7*) at normal sample concentrations. 
The final stage of the synthesis (200+32) had 
now been reached. Cleavage of the double bond in 200 was 
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accomplished by Lemieux-von Rudloff oxidation (sodium 
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periodate and potassium permanganate) .+ Although it may 


be possible to carry out the; oxidatrvonndi rectly ‘oni259), 
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prudence convinced us to first replace the hydroxyl-pro- 


tecting group. Pyridine and acetic anhydride converted 259 


~~~ 


into the acetate 261. The acetate, obtained in 94% yield 
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after distillation, was at least 95% pure by glpc analysis 


O 
CH, a CH, 
pC, Oe aN. ee i HH, 
HC" 
CH, HO “OCOCH, 
CH COO CH, 
262 
(Reoplex). Oxidation of 261 in an aqueous tert-butanol 


~~~ 


solution of sodium periodate and potassium permanganate, 
adjusted to pH 8.5 with potassium carbonate, afforded the 


acetoxy dicarboxylic acid 262 as a white crystalline 


~ 


SY op. 


solid in 98% yield. This was the first solid compound 
‘which had been isolated since the lactone 233. A single 


recrystallization gave analytically pure 262 (mp 110.1- 
111.0°). The high resolution mass spectrum of the dicar- 
Doxylicwacideexhibits asparent 1cn at m/e) 26071255,) cor 
responding to the required molecular formula C1 9H5 9%: 

The nmr and ir spectra of the product are also in complete 
accord with 262. 
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As had been previously observed for 258, the 
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removal of the hydroxyl-protecting group in 262 was dif- 
Pveult se Only cby cet luxing: thevacetate [tor i erg 
methanolic sodium methoxide was the acetyl moiety suc- 
cessrully split off. After acidifying to pi 1 and Sstin— 
ring tor 30 min, a white, crystalline lactoniceacid was 
isolated in 86% yield after chromatography on silicic 
acid. An analytically pure specimen (mp 112.0-113.0°) was 
obtained after one recrystallization. The nmr and solu- 
Elon ir spectra of the Lactonic acid are,yidentical in all 
respects to those of the natural Djerassi-Prelog lactonic 
acid (+)-32. [Samples of (+) -32 were kindly provided by 
Professors V. Prelog and C. .Djerassi.] M@urthermore, the 
corresponding methyl esters, (+) -37 and (+) -37, prepared 
using ethereal diazomethane, exhibit identical nmr and ir 


spectra. Because the lactone ring imposes conformational 


constraints on 32 and 37, we feel that the various pos- 
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Sible diastereoisomers should display very different pat- 
_ terns for the three methyl doublets. Indeed this is the 
case for the four diastereoisomers ll3a-d, prepared by 


goP The six methyl lines in the 


Bergel'son and Batrakov. 
spectra of (+) -32, (+) -32, (+)-37, and (+)-37 were cali- 
brated. Agreement in chemical shifts between the pair of 
acids and the pair of esters was excellent. For example, 


Table 7 lists the data for the methyl esters. The results 


of an nmr study of (+)-32 are summarized in Table 8. 


Table 7s) Chemical Shifts (100.1 MHz, CCl,) of the Methyl 


Signals in (t)-37 and (+)-37 


Chemical Shift (Hz) from TMS 


Methyl 

Signal (£)-37 Gay ee) 
uf eZ tO 2549 
2 NES) Loss 
3 TUG) PLB 49 
4 113.4 ees 
5 102.4 LOZ as 
6 96s 96.0 


On the evidence presented in this chapter, we 


feel contagent that ovum synthetic Lactonie¢ acid as the 
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racemic form of the Djerassi-Prelog degradation product. 
“Moreover, it is now apparene® that not one’ of the four 


nmr spectra. 1(60, MHz, CDC1 3) of the diastereoisomeric 


lactonic acids 113a-d matches the spectrum (60 MHz, CDCl 


ee 3) 


(Ovi BSP 
The synthesis of (+)-32 from the intermediate 


lactone 233 has been achieved in an overall yield of 23%. 
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CHAPTER 8 


AN IMPROVED SYNTHESIS OF 


CIS-4, 6-CYCLOHEPTADIENE-1,3-DICARBOXYLIC ACID 
AND 


THE FEASIBILITY OF INTRAMOLECULAR EPOXIDATION 


The synthesis of racemic lactonic acid (+)-32 


~~ 


described in the preceeding chapter has two practical 
drawbacks. The inconvenience of the large-scale prepara- 


tion Of 3,5, /-cycloheptatniene—1,3-dicarboxylic acid *(201) 


yNww 


has been discussed previously. The second critical weak- 


ness is the non-stereospecific epoxidation of 214. Although 
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the subsequent methylated lactone 233 can be isolated 


~~~ 


without much difficulty, the low yield (ca. 30%) makes its 
preparation not very economical both in time and in reag- 
ents: 


A potential method to solve both problems was 


suggested by some work published by Cannell in iogce 


He reported that bicyclo[4.2.1]Jnona-2,4,7-triene (263) 
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is formed during the pyrolysis of the [2a fr ns! dimers 


of norboradiene. If the isolated double bond of 263 


vww 


could be selectively oxidized, then a means to oxidatively 


cleave the C.-C, bond should be possible, thereby leading 
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directly to the lactonic acid intermediate 214 (Scheme 10). 
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Scheme 10 
“COOH 
| 2 See 20) 
OOH 
263 264 24 
xX xX 
ni 
OH OH 
265 266 
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Biterndtively, the introduction ‘ofan “endo C7 -hydroxy1 in 
the bicyclic system would produce a substrate that may 
undergo predominantly endo epoxidation. The endo epoxide 
266 (and/or the other possible endo epoxide) could then 
be directed to the lactone 233 or its equivalent. 


~~~ 


An Improved Synthesis of Dicarboxylic Acid 214 


~~~ 


Cannell prepared the dimeric starting materials 


by heating norboradiene with metal carbonyls (Fe, Co, and 


Ni) as catalysts. It had been rode. that this pro- 
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cedure produces exclusively the anti-fused bee = heer 


TS 
dimers (see 267, 268, and 269). The relative proportions 
/ 
exo-anti-exo exo-anti-endo endo-anti-endo 
267 268 269 


Of 267, 268, and 269 depend upon the metal catalyst used. 


An added advantage in the synthesis of 263 is that a mix- 
ture of norboradiene dimers has recently become commer- 
cially available at modest cost from Aldrich Chemical 
Company, Inc. Although the origin of the commercial dimers 
is not known, the nmr spectrum is easily interpreted as a 
mixture of 267 (193), 268 (74%), and 269 (7%). Comparison 
was made with the spectra of the pure dimers, reproduced 
in reference 121. Glpc analysis (UCW-98) indicated three 
compounds in approximately the above proportions. 

Cannell mentioned that 268 and 269 are converted 
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readliy to 263 at 450° an a flow systems The exo-ant1i-exo 
isomer (267) however is much less reactive. These observa- 
tions are consistent with our own, Pyrolysis at 450° and 


fractional distillation of the crude pyrolysate gives 263 


in 42% yield, ‘The pot residue after the distillation contains 
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unreacted dimer which can be purified by recrystallization. 


'The nmr spectrum of the recovered dimer is identical to 


that reported for exo-trans-exo dimer 1 Pe When the 


dimer mixture is pyrolysed at lower temperatures (e.g. 
400°), a small amount of exo-tricyclo[4.2.1.0°’>]nona-3,7- 


diene (270) is isolated during the distillation. Compound 


270 was identified by its reported nmr spectrum, 17° Again 
| ee Se 155 
270 
this observation is in line with Cannell's results. The 


pyrolysis experiments were performed by Dr. H. Davis. Pre- 


sumably the formation of 263 involves a retro-Diels “Alder 
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reaction of the dimers to give 270. Thermolysis of the 


cyclobutene ring lleadsjsto 2:63. 
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The oxidation of 263 with m-chloroperbenzoic acid 


vw 


was first investigated.) Hydrolysis -of «the desired W7773- 
epoxybicyclo[4.2.1]nona-2,4-diene would give hopefully a 
compound useful as an intermediate to both 214 and 233. 
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The nmr spectrum of 263 exhibits a narrow multiplet for 
the two protons of the isolated double bond at higher 
field) (c 4.87) than the broad complex: multiplet of» the con- 


jugated diene protons (1t 3.68-4.51). After 263 had been 
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tLrueated fOr one nour at Ole with one mole equivalent. oc m- 

‘ chloroperbenzoic acid in methylene chloride, the multiplet 
at t 4.87 had disappeared. However glpc (Reoplex) showed 

the product to be approximately a 1:1 mixture of two sub- 

stances, 27) and 2725 
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Compound 271, which has the shorter retention 
time, was successfully isolated by chromatography on 
silicite acid. “On the basis of the uv and nmr=spectra (see 
Table 9), we concluded that 271 is the desired 7,8-epoxy- 
biecyclo[ 4-2-1 )nona-2,4-diene. “The exo isomer is favoured, 
because of the inertness of the epoxide to refluxing meth- 
anolic sodium methoxide. In contrast to 271, compound 272 
is decomposed by both silicic acid and methanolic sodium 
methoxide. Although 272 has not been isolated in a pure 
form, it was concluded that 272 does not contain a conju- 
gated diene chromophore. This follows from the fact that 
the quantitative features of the uv spectrum of the mix- 
ture can be explained completely in terms of the spectrum 
OL 271, assuming that 271 constitutes 40% of the mixture. 
The exact structure of 272 remains uncertain. Since per- 
acid Oxidation Of 263 does not produce cleanly the desired 
product, this approach was abandoned. 

The monohydroboration of 263 was next examined. 


An advantage of this method of functionalizing a double 


bond is the high improbability of skeletal rearrangements. 
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Table:  Nmr andhuve para, off Compound) 272 


Uv Spectrum (methanol): 
Nene 278 nm (e€=4600), 267 nm (e=ca.7100), 


256 nm (€=6600), 248 nm (e=4500). 


Nmrmopectrum (0001 Miz, CDC1,): 


Chemical Shitty (1) and Multiplicity* (Hz) 
Sette re ieee Hon HO 
4,15 Gin 36 7.04 Tread oe 30 

m S bt,ca.6 dy? alee oD 

epee 


a) For an explanation of the multiplicity 


abbreviations, see page 204, Chapter 10. 


263 een aed + 272 7? 


The alcoholic products, Obtained after oxidative work-up, 
were expected to be less prone to rearrangements than the 


epoxy products.* However we could not predict how selec- 
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tive the hydroboration would be and, in fact, even what 
. the major product would likely be. The reason for the 

uncertainty arises because of opposing factors. Cyclo- 
heptene is hydroborated by di(isoamyl)borane five times 


22 


faster than cyclopentene. However in 263, the rate of 


ww 


hydroboration of the seven-membered ring should be reduced 


somewhat because of the conjugation of the double bonds. 


H 


LZ 


CME 


vv 


In addition, a molecular model of 263 indicates that the 
methylene bridge is more inclined to the diene plane than 
to the plane of the isolated double bond. Consequently, 
the diene mo1ety 1s more eltectively snietded Tromiexo 
attack by the borane. Both these factors favour attack 
on the cyclopentene system. 

We found that hydroboration primarily occurs 


at the cyclopentene double bond. Thus the reaction of 


263 with one mole equivalent of 9-borabicyclo[3.3.1l]non- 
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*Both 271 and 272 underwent isomerization during an at- 


coe ded ~~w 


tempted separation of the mixture by preparative glpc 


(Diisodecyl Phthalate). 
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ane afforded the exo alcohol 274 in an absolute yield 


© of 75%. Compound 274 however was contaminated by two 
other products (ca. 20%), which exhibited retention times 
on glpc (Reoplex) very similar to that of 274. These 


impurities could not be satisfactorily removed. Evidence 


that the main product has in fact the structure 274 was 


derived from its nmr spectrum (see Chapter 10) and its uv 
spectrum [A ax (CH30H) 254 nm, e=ca. 4700]. Molecular 
models™indvcate= that the texol's ide of "the cyclopentene ing 
is the more exposed to the incoming borane. Accordingly, 
the hydroxyl group was tentatively assigned the exo con- 
figuration. The correctness of this assignment is demon- 
strated at a later point in this chapter. In subsequent 
experiments, we found that by substituting di(isoamy1l) - 
borane?-* for *9=borabicyclo[3.2el)]nonane; 274 is obtained 
with improved purity (ca. 90%). 

Oxidative cleavage of the C5-Ce, bondsrixrst 
required the introduction of functionality at Cy. LO 
activate the Cg-methylene group, 274 was oxidized to 275 
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by the Oppenauer method, using aluminum tert-butoxide and 
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p-quinone. PPALCeri Ti tration through silicic acid;.the 


_ ketone 275 was obtained 98% pure (glpc; UCW-98, Reoplex, 


yv~ww 


Carbowax 20m) and in 80% yield. Spectral data fully sup- 
port thesstructunre.— The -uv—spectrum® isin accord with a 
diene chromophore and the ir spectrum contains the expected 


cyclopentanone band at 1743 om7>, The nmr data for 275, 


www 


276, and 277 are presented in Table 10. (Compounds 276 and 


awn any w y~wnw 


277 were prepared from 275 by the controlled stepwise incor- 


poration of deuterium from a solution of sodium in perdeu- 
teriomethanol. Based on mechanistic considerations, the 
deuterium in 276 was assigned the exo orientation.) The 
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absorption at t 8.24 is assigned to Hon on the evidence 
of a long-range coupling (J=2.6 Hz) with H, (endo) . This 
observation also supports the suspected exo configuration 
of the deuterium atom in 276. 

From ketone 275, the hydroxymethylene derivative 
278 was prepared in almost quantitative yield using con- 
ventional methods. Oxidative cleavage of a-hydroxymethyl- 
ene ketones with sodium periodate was first reported by 
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GOrnforci, scorntorth, and wWopjak. With certain changes 


in the original procedure, treatment of 278 with sodium 
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*The sample of 275 used to obtain the uv spectrum was 
somewhat impure. A maximum was present at 256 nm (e= 


4200). 
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Table 10: Nmr Analysis (100.1 MHz, CD,0D) of Compounds 275, 276, 


and 277 


~~~ 


Nueleus Chemical shift® (t) and Multiplicity” (Hz) 
Cmpd tIrrad'd He Hy Hy exo Hop H, ,endo Hoa 
275 6.68 1200) 0 =e]  20-) 0 8.24 
bt m@ m ed, 22.3 
dy 2.6 
276 D -- bt V7. COV RLS 2 -- 


277 D BS ice? ne cdi 3 
*x * 
Hop ‘ 
Hy Sclpgie ges ae 
aeieno 


a) The olefinic protons appear as a multiplet at Tt 3.67-4.34. 
b) For an explanation of the multiplicity abbreviations, see 
page 204, Chapter 10. 


c) The gross shape of the multiplet is a quartet. 
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periodate at pH 4.5-5.0 in aqueous dioxane afforded, after 


* work-up, 214 in 96% yield. The nmr spectrum of the di- 
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Peon 
2) 


278 214 
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COOH 


methyl ester of the product showed no evidence of the trans 
isomer. The very successful hydroxymethylenation and 
cleavage reactions were due to the efforts of Dr. Spessard. 
The synthesis from norboradiene dimers has 
inereasedygreatly the availability of thercis dicarboxylic 
acid. Compared with the first synthesis (see Chapter 7), 
the overall yield is higher and the overall time required 


TS mucin shorter. 


The Feasibility of Intramolecular Epoxidations 

Our attempts to effect a stereoselective endo 
epoxidation in the bicyclo[4.2.1l]nonane system will now 
be described. 

With 275 available, an obvious substrate for 
the epoxidation study is the endo alcohol 279. A study 
of molecular models pointed out that the relative posi- 


tioning of the hydroxyl group and the double bond in the 


homoallylic alcohol 280 is quite similar to the geometry 
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279 H 280: R=H 
284 R=COCH , 
: 126 
in 279. Marshall and Greene have recently shown that, 


~~ 


under certain conditions, the ratio of the cis and trans 


epoxides of 280, prepared using m-chloroperbenzoic acid, 
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can be as high as 85:15. Under similar conditions, the 


corresponding acetate 281 leads to a reversal of the 


~ynw 


epoxide ratio (30:70). Not to distort the generality of 
cis-directing effects by hydroxyl groups, endo-5-hydroxy- 


norbornene (282) presents a more sobering example. Reac- 


HO 
282 


tion of 282 with an ethereal solution of perbenzoic acid 
gave the exo epoxide in 93% yi Not enough is known 
about how an organic peracid approaches a double bond to 
permit reliable predictions concerning product stereochem- 
istry. Nevertheless, the epoxidation of 279 was studied. 
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Reduction of 275 with lithium aluminum hydride 
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gave exclusively the desired endo alcohol 279 as a white 
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crystalline solid. The uv and nmr spectra of the product 


are consistent with structure 279. The ir spectrum (CCl,, 


ca. 0.59 M) is worthy of comment. In addition to a strong, 


i 


broad polymeric OH stretching band at 3440 cm ~~ and a weak 


free OH absorption at 3630 cm? 


, there is a very distinct, 
Euitro peak /atwsoe2 cmt, Evidently a hydrogen bond exists 


between the hydroxyl group and the q-electron system of 


the conjugated diene. Such occurrences are quite common, +78 
At high dilution (CCl), ca. 0.0015 M), the spectrum of 279 


contains only bands at 3630 cm? and’ 35:82 cmt, the latter 


being somewhat stronger. That the 3582 cmt absorption is 
due to hydrogen bonding which involves the diene moiety 
was confirmed by hydrogenation experiments. 

Catalytic hydrogenation of 279 did not proceed 
smoothly. At atmospheric pressure, using 5% palladium on 
charcoal in ethyl acetate, greater than a 50% yield of 
284 resulted. With platinum oxide in methanol, the pro- 
portion of 284 was much less; however it still comprised 
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Ga, 5% Of the product. The structure Of 264 has not: been 


~~~ 


proven rigorously. Nevertheless, on the basis of the ir 
spectrum (C=O: 1736 en at strong) and a consistent nmr 
spectrum, the assigned structure seems reasonable. Cope 


and Co or ee rsae observed a similar abnormal product from 
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the catalytic hydrogenation of trans-5-cyclodecenol (287). 


Reduction of 287 in methanol, using a palladium catalyst, 
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gave both the alcohol 288 and the ketone 289. The clean 


OH OH O 
Zo7 288 289 
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reduction of 279 to 283 was successfully accomplished, if 
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not somewhat laboriously, by first acetylating the hy- 
droxyl group to give 285. Hydrogenation and transesteri- 
fication in methanolic sodium methoxide led to pure 283. 
As expected, tne ir spectrum (CCl,) of 283 at high dilu- 
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tion exhibits only a single OH stretching band (3630 cm). 
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Additional evidence for the endo versus exo 
- relationship of 279 and 274 was obtained from an nmr study 


OPetheserfect son hes lanthanide soiree veanen fae 


tris- 
(1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl1-4,6-octanedionato) - 


europium (III) or more simply Eu(£od) on both compounds. 


3" 
Displacement of proton chemical shifts induced by paramag- 
netic rare earth metal complexes has recently been re- 
Wlewedes 7°” Carbon tetrachloride solutions of 274 (ca. 
0.28 M), containing various amounts of Eu (fod) 3 (from 0.0 
to 0.50 mole equivalents), were examined by nmr (100.1 MHz). 
With the aid of decoupling experiments, complete proton 
assignment in the spectra was possible. Plotting of the 
resulting proton chemical shifts (tT) versus the number of 
mole equivalents of shift reagent (C) gave good linear 
Grapisetor C<0.3. (For higher values of C, the chemical 
shifts slowly approached saturation. A similar experiment 
was carried out with 279. Table 11 lists the slopes of 
the linear plots (0<C<0.3) of the two bridging protons, 


H and H in the two compounds. * 


9A 9B’ 
*The shapes of the nmr absorptions for the bridging pro- 
EONS tin 203, 271, 274,. 2/0, gand 2/9 ale Very esamita, 

The high-field proton is seen as a doublet; the low-field 
proton as a doublet of triplets. There are only small 


differences in the coupling constants among the compounds. 
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Table Ils Effect of Eu (fod) , on the Chemical 
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Shifts of the Bridging Protons in 274 and 279 
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H 
Je Hop 
Be 
1 
274: R,=H, R,=OH 
279: R,=0H, R,=H 
ATC 
Cmpd. Hon Hop 
274 =o. sees -18 + 2° 
PaaS) =56, 2 90/51 “Ore 2 oe 
a) The larger error associated with the slope 
foe Hop in 274 arises from soMe uncertainty 


an ttheviexactzechemiucahwshitth of Hop in the 


various spectra. 


The doublet in 275 has been attributed to the proton syn 


to the diene moiety (vide supra). Extending this conclu- 


sion, we ascribed the doublet in the spectra of 274 and 


279 to Hoa 
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Whereas the slopes for the bridging protons in 
279 are approximately the same, this is not the case in 
274, One of the bridging protons travels downfield twice 
as fast as the other. This behaviour is just the expected 
for the endo alcohol and the exo alcohol respectively. 

As discussed earlier in Chapter 7, allylic 
epoxides are often unstable substances to work with. To 
avoid this added complication in the epoxidation study 
of 279, we chose to reduce directly the crude epoxide mix- 
ture with lithium aluminum hydride and then to analyse the 
resulting diols. A methylene chloride solution, equimolar 
in endo alcohol 279 and m-chloroperbenzoic acid, was 
stirred at 0° for 5-7 hr and esterified with ethereal 
diazomethane. The allylic epoxides were reduced with 
lithium aluminum hydride. After work-up, glpc (Carbowax 
20m) of the crude diols indicated the presence of com- 
pounds A and B, in approximately a 60:40 ratio, in addi- 
tion to m-chlorophenylmethanol. A sample of each product 
was obtained 80-90% pure by column chromatography (silicic 
acid). 

Structures for the two diols that we considered 
possible are shown below, labelled 291-300. Compounds 295- 
298 would result from a 1,4-addition of hydride to the 
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intermediate allylic epoxides. Compounds 299 and 300 were 
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included as the products arising from a possible intramol- 
ecular reduction step (see 301). Although the oxirane would 
be opened by addition of hydride to the electronically less 
favoured carbon, the steric ease of such an intramolecular 
process may override electronic aspects. Lithium aluminum 
hydride reduction of the exo epoxide of 282 gave 302 an 

good yield, -" 


On the evidence provided by spectroscopic and 


chemical studies, the diols have been assigned the struc- 


tures 291 and 292. The diol with the shorter glpc (Carbo- 
wax 20m) retention time (ie. diol A) corresponds to the 
1,4-diol, 291. These studies are described throughout 


the remainder of this chapter. 
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Table 12 summarizes some decoupling experiments 
performed on diol A (ca. 90% pure). The close similarity 
of the chemical shifts (CDC1.) ana MULtaplicicles O11 Ho in 
279 and 283 and of the doublet of triplets at T 5.7/0 in 
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diol A strongly suggested that this absorption belongs to 
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‘Table 12: Nmr Analysis (100.1 MHz, CbC1,) ope Wns La eye 
pecan Chemical Shift (tT) and Multiplicity* (Hz) 
Uh gia ¥s Cus | Hy, 5 Ho H, He Ha, and/or H3, 
4.26 5270 6.04 7289 ca. 7.50 
m (sae ey dj5.5 bg (obscured) 
£6. 6 FEO ees ee 
Hy s -- -- bt x 
Ho bt «xb 
Ul te os ** 
H4, and/or H3p -* cae bs 


For an explanation of the multiplicity abbreviations, 


see page 204, Chapter 10° 


H3y and H3p are two protons of a broad five-proton 
absorption. The change in the t 7.50 region is caused 
by the presence of Hon and/or Hop: 


Irradiation at t 7.50 causes partial decoupling of Hon 


and/or H A decrease in the coupling constants of 
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tne 14 Signal 1S observed, 
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the proton geminal to the hydroxyl in the cyclopentane 


‘ring. Furthermore the hydrogenation 279+283 produced only 
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Compound 279 Compound 283 

Ho 5, 610 57 0 
Cy Bo HZ cd,ca.9 Hz 
fOr ett 2 t,ca.7 Hz 


a small up-field shift of H There is no reason to sus- 


7° 
pect cthatva much larger shift to. 6,04 shouldzoceur in 
the diol. Irradiation of the olefinic protons or of the 
Signal at t 5.70 collapses the isolated one-proton absorp- 
Lionrat — 7.198 to abroad traplet, The Jattertsigqnal as 
therefore attributed to an allylic bridgehead proton adja- 
cent to CHOH (cyclopentane ring), thus ruling out all diol 
possibilities except 291, 293, and 300. In addition, 
irradiation of the olefinic protons has no effect on the 
methine absorption at t 6.04 (CH-OH in the cycloheptane 
Ling) buw strongly aflects the region near _  /.50,, Charac— 
teristic for an allylic methylene group. Finally, decoup- 
ling the signals at 1 7.50 collapses the seven-membered 
ring CH-OH to an ill-defined singlet. The data are con- 
sistent only with the C, epimers 291 and 293, 

The nmr spectrum of diol B (ca. 80% pure) is 


much less informative, mainly because neither of the two 


bridgehead protons appears as an isolated signal. To 
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ascertain whether the hydroxyl group in the seven-membered 
xing was allylic or not, a sample of the diol (ca. 75% 
pure, contaminated with diol A and Caw 0s OL Others pro— 
ducts) was oxidized at 0° with two equivalents of Jones' 
reagent. The ir spectrum (CCl) of the crude dione con- 
tains only two bands in the carbonyl region, at 1745 om™? 
(strong) ‘and-at 1707 cm + (strong). The uv spectrum (cyclo- 


hexane) provides further evidence for the absence of an 


a,B-unsaturated ketone. The olefin chromophore appears as 


OH 
O 


2922010178 303 
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only end absorption Ona 210 nm) and the carbonyl group 
exhibits a maximum at 299 nm (e=ca.20). The reaction pro- 
ducts were not further characterized. The data seems incom- 
patible with all diol structures but 291, 292, 293 and 294, 


That the two diols were not epimers (i.e. 291 and 293) was 


proved by the conversion of the diols into two different 
Saturated diketones, 307 and 311. A second’ purpose for 
performing the sequence of reactions outlined in Scheme ll 


was to obtain samples of the saturated diols 306 and 310 
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for further study (vide infra). 
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Because of the complications that arose in the 


“hydrogenation of 279, the diols A and B were first conver- 


~~w 


ted to their diacetates 304 and 308, using acetic anhy- 


NNW ~~~ 


dride and pyridine. Hydrogenation (Pto, catalyst) of the 
diacetates in ethyl acetate and subsequent removal (hot 
methanolic sodium methoxide) of the acetyl groups led to 


306 and 310. Jones' oxidation converted each smoothly 


~~ vWD 


into the corresponding diketones 307 and 311. All reac- 
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tions proceeded cleanly in high yield and spectral data 
(ir and nmr) are consistent with each of the compounds. 


Glpc analysis (UCW-98) demonstrated that the saturated 


diketones are different. To summarize then, diol A is 


Suemers 2917 Or 293 “and, d1t0l Bis, likely 29200 294. 


At low concentrations (070019 M), “the-=ir spec— 
trum (CC1,) of diol A shows an intramolecularly bonded 
OH band at 3568 cm + as well as a free OH band at 3626 cm. 
The former absorption is presumably due to the presence of 
the double bond since the high dilution ir spectrum of 306 
shows only a free OH peak. 

The high dilution (0.0033 M) ir spectrum (CCl,) 
of diol B does not contain an intramolecular OH band. 
Because of its geometry we believed that compound 294 


would possess strong intramolecular bonding. Accordingly, 


we strongly favoured structure 292 for diol B. 
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For additional information concerning the orien- 
"tation of the hydroxy group in the seven-membered rings of 
diols A and B, the epoxidation of the endo acetate 285 was 
examined, With the acetoxy group, only steric factors 


should control the direction of peracid attack. One mole 


equivalent of m-chloroperbenzoic acid and 285, dissolved 


291 + 292 —————p» 304 + 308 
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in methylene chloride, was stirred at 0° for 8 hr and es- 
terified with ethereal diazomethane. Reduction of the 
crude epoxy acetates with lithium aluminum hydride gave, 
after work-up, a mixture of chiefly two diols (glpc, 
Carbowax 20m). A pure sample of the diacetate of each pro- 
duct was obtained by two methods. Conversion of the crude 
diol mixture to the corresponding diacetates followed by 
preparative glpc (Reoplex) yielded each diacetate as a 
solid compound. After two recrystallizations both diace- 
tates were analytically pure. The 1,4-derivative melted 


aeue76.3—-1/,2°, the l,s=derivative ‘at 5652-57027. | ihe 
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alternative method involved first column chromatography 
Of the™diols on silicic acid. Appropriate fractions were 
combined and acetylated. At least three recrystalliza- 
tions were required to purify completely the crude diace- 
tates. The second method was the less efficient. 
Similarly, pure specimens of the 1,4-diacetate 


304 (mp 76.0-76.5°) and the 1,3-diacetate 308 (mp 56.0- 


~ 
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57.0°) were prepared from the diols derived from the epoxi- 
dation of 279. 

Each pair of diacetates are identical in spectral 
properties and glpc behaviour (UCW-98, Reoplex, Carbowax 
20m). There is no depression of the mixture melting points. 
Thus both the endo alcohol 279 and the endo acetate 285 
lead to mixtures containing the same proportions of the 
same two diols. This result lends additional support for 
the proposed stereochemistry of the 1,3-diol B and suggests 
that diol A also likely has an endo, exo configuration. 

With samples of pure diol B now accessible from 
the hydrolysis of the pure 1,3-diacetate, a reexamination 
of the nmr spectrum of the diol was undertaken, using a 
different approach. It was mentioned above that the nmr 
of diol B is not very informative because the signals for 


the two bridgehead protons are buried in the absorptions 


of other protons (see Figure 9). In our experiments with 
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the europium shift reagent and compounds 274 and 279, we 
‘had observed very impressive differentiation of chemical 
shifts, even when the shift reagent was present only ina 
few percent of a mole equivalent. Just as impressive was 
the excellent resolution of the signals throughout the 
experiments. With respect to diol B, it seemed to us quite 


possible that the bridgehead proton H in the presence of 


WL Y 
the shift reagent, would be pulled out of the conglomerate 
absorption at T 7.4-7.8. 

In the presence of only 0.05 mole equivalent of 


Eu (fod) ,-d a spectrum (CDC1.) of diol B is obtained 


3 ON 


from which it is possible to prove unambiguously the 


homoallylic 1,3-diol constitution of the diol “(see Figure 
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In the shifted spectrum (Figure 10), he Hy absorp- 
tion is now visible as a broad quartet. From results of a 


decoupling study (Table 13), extensive assignment of the 


spectrum is possible. Only structures 292 and 294 are 


~ nw 


compatible with the decoupling experiment. 
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THe exe configuracion ac C5 of diol B was estab- 


lished beyond all doubt in later experiments with the C5 
epimer of diol B (Vide iniva) . Therefore? approximacely 
590% of the m-chloroperbenzoic acid attacks the a4 double 
bond of 279 from the exo side. It seems impossible to 
imagine that the two double bonds of the diene system in 
279801 £fer an character=enough to calise the other halt or 


the peracid to attack the Ke 


double bond from the endo 
Side. Although we have no direct evidence for the config- 
uration of the C,-hydroxyl in diol A, we believe that diol 
A must also have an endo, exo stereochemistry. 

The products from the simple epoxidation of 279 
have now been identified. Although the yields of allylic 
epoxides are very good, neither major product has the 
required endo orientation of the oxirane ring. A method 
to force an epoxidation to the underside of the bicyclic 
system is to build a percarboxylic acid unit on to the 
endo hydroxyl of 279. Then with a proper choice of the 
added unit and with the proper experimental conditions, 
the peracid might epoxidize the diene moiety from under- 
neath in an intramolecular process. We are not aware of 
any reported example of an intramolecular epoxidation. 

The peracid unit must be attached to the hy- 
droxyl of 279 by a linkage that can be easily broken later 


on. This would seem to limit the linkage to an ester, 
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Because of its reactivity the peracid moiety can only be 
‘generated after the linkage to 279 has been formed. The 
problem then becomes to find a high-yield procedure to 
prepare peracids in the presence of an ester. 

There are two general methods known that produce 
good yields of aromatic and aliphatic peracids. The syn- 


ga: 


Ghests,OrySiibertpet. al. relies upon the acid-catalysed 


exchange equilibrium indicated below: 


yt 1 
Sane 
RCOOH. + H,0. ee noon a H,0. 


The workers used the strong, non-oxidizing acid, methane 
sulphonic acid, as both catalyst and solvent. The reac- 
tion requires from 1-3 hr and the yields are generally 
80-1003. 

The second method? > involves the perhydrolysis 
of acid chlorides. Perhydrolysis is a classic method to 


prepare organic peracids but yields were not good until 


the Japanese chemists found that an excess of base must 


i 
H + NaOH —— > RCOONa + NaCl + H,O 


RCOC1 + Nao, 9 


O oe 
i I q i 
RCOONa + RCOC1] ——» RCOOCR ——»2 RCOONa 


be used to prevent spontaneous decomposition of the per- 


acid and its anion. Reaction times at 20° are very short 
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(ca. 15 min). The solvent medium is aqueous alcohol or 

‘aqueous dioxane and a small amount of magnesium sulphate 
is added to inhibit the catalytic decomposition of the 
products by traces of metals. 

The use of methanesulphonic acid as solvent is 
prohibited for our purpose. On the other hand, the low 
temperature and the speed of the reaction made the per- 
hydrolysis reaction attractive. Under these conditions 
little saponification of an ester should occur. Since 
aromatic peracids are more stable than their aliphatic 


counterparts, the preparation of 313 was attempted. 
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To test the perhydrolysis method, n-butyl hydro- 
gen phthalate (314) was converted to its acid chloride 


(315). Essentially following Ogata and Sawaki's proced- 
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ure? * the acid chloride was then added dropwise to a 

. cold (5°), aqueous dioxane solution containing three mole 
equivalents of sodium hydroperoxide and a small amount of 
magnesium sulphate. After 12 min stirring at 7-10°, the 
reaction was worked up. Analysis of a chloroform solu- 
tion of the product showed that the peracid 316 had been 
formed in 84% yield. No evidence of hydrolysis of the 
ester was observed by glpc (UCW-98) and nmr spectroscopy 
of the esterified (diazomethane) crude product. 

Although the yield of 316 is excellent, the 
experimental procedure is not well suited for the prepara- 
Lion of 313. The main drawback is the high concentrations 
of reagents that are employed. For example, the acid 
chloride is added neat to the aqueous solution. When the 
reaction 315>316 was repeated but using modified proced- 
ures that we considered applicable to the synthesis of 313, 
the yields of 316 dropped only to 70-75%. 

Compound 313 was prepared in the following way. 
In the presence of phthalic anhydride and pyridine the 
endo alcohol 279 was converted quantitatively to the half 
phthalate ester 317. The required acid chloride 318 was 
made via the potassium salt of 317. Thus 317 was neutral- 
ized with one equivalent of potassium tert-butoxide in 


tetrahydrofuran. Reaction then with oxalyl chloride led 


cleanly to 318. 
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To date the preparations of 313 from 318 have 
produced products derived mainly from intermolecular 
rather than intramolecular epoxidations. The products were 
analysed by reducing the esterified (diazomethane) mixture 
of allylic epoxides with lithium aluminum hydride. After 
removal of o-dihydroxymethylbenzene by chromatography, 
the crude product consisted mainly of two diols. These 
diols were shown to be the previously isolated diols 291 and 
292, The diols were purified as their diacetates in the 
manner described before. In mixture, the pure diacetates 
(np goe2=/70%, 5620-56.8°) "did net -depréss the melting 
points "ot 291 and 292. 

Although we have not yet succeeded’ to force che 
formation of the endo epoxides by this method, we are 
Optimistic and believe that iteis; at present solely a 
technical problem. With the development of a practical 


method to effect intramolecular epoxidations, some very 


interesting synthetic and mechanistic studies will be 
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possible. 
To help simplify future investigations on this 
problem, the synthesis of the authentic endo, endo diols 


319 and 320 hasbeen, Started Sew uth the our td vol sins 06;, 


OH 
OH a 


319 320 


310, 319, and 320 on hand, a quantitative analysis of the 
epoxidation mixtures becomes possible using glpc, (A 
capillary column would probably be necessary for this work.) 
In this way the laborious separation and purification of 
the isomers would be avoided. 

The synthesis of 320 has been completed. The 
reaction of equimolar quantities of pure 310 (prepared 
from purified 308) and p-toluenesulphonyl chloride in 
the presence of pyridine gave a mixture of the two pos- 


sible monotosylates in which 321 predominated. Chroma- 
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321 that was ca. 90% pure by nmr spectroscopy. Compounds 


~~nww 


(321 and 322 were easily distinguished by their nmr spec- 
tra. A proton geminal to a hydroxyl group in the mono- 
tosylate believed to be 321 had a chemical shift and multi- 
plicity essentially the same as the protons geminal to 

the cyclopentyl hydroxyl groups in 279, ZI ee ANG U0. 
Furthermore, Jones' oxidation of the monotosylate gave a 
product that exhibited a single carbonyl stretching band 


in the ir spectrum at 1738 cm +. 


o recently reported that 


Corey and Terashima 
tetrabutylammonium formate is an excellent reagent to 
use for S.2 displacement reactions of tosyloxy groups. 
Tetrabutylammonium formate was prepared by us from the 
corresponding ammonium iodide. Passing an aqueous solu- 
tion of the iodide through an anion exchange column (Dowex 
1-X8 in the hydroxide form) yielded tetrabutylammonium 
hydroxide which was then neutralized with one equivalent 
of formic acid. The bulk of the water was removed under 


134 by 


reduced pressure at 30° and the product was dried 
azeotropic distillation using benzene. A crystalline solid 
remained which was then recrystallized three times from 
dry, purified acetone. Reaction of the purified ammonium 


salt with 321 at room temperature was complete in 2 hr. An 


excellent yield (>90%) of the cyclic carbonate 323 was 


n4ynww 


obtained. 
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The structure Of 323 is firmly established by 
the combined evidence of ir and nmr spectroscopy and 
chemical ionization mass spectrometry. No formate proton 
is present in the nmr spectrum but the ir spectrum (CHCl) 
Soneains a strong carbonyl band at 1/3¢ cm7>, The chemi- 
cal ionization mass spectrum, recorded using methane as 
the reactant gas, displays a (P+1) peak at m/e 183. With 
ammonia as the reactant gas, the spectrum exhibits peaks 
at m/e 200 (Pes) and at m/e les (P71). 

The probable explanation for the oxidation pro- 
auc 323 is that the tetrabutylammonium formate was oxi- 
dized to tetrabutylammonium bicarbonate during the azeo- 
tropic drying. The benzene had not been distilled under 
a nitrogen atmosphere. 

The unexpected carbonate proved that the mole- 
cule now possessed endo substituents at both C. and Co 


Treatment of the carbonate with methanolic sodium methox- 


ide gave the desired diol 320. Spectral data are consis-— 
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tent with the assigned structure. The characteristic 
doublet of triplets for the methine proton geminal to the 
cyclopentane hydroxyl is seen at t 5.52. The ir spectrum 
(CCl,) of “a dilute solutions (ca..0..003 Mr os 320 exhibits 
medium OH bands at 3636 om + and 3624 cmt and a strong 
band at 3548 cm ?. 


Further work on this project must be left in 


the hands of others, 
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diodes 
CHAPTER 9 


METHYNOLIDE--THE PRESENT STAGE OF ITS SYNTHESIS 


In the discussion of results reported in this 
thesis, mention has been made to contributions by Drs. 
Kim, Spessard, Davis and Yamamoto. This chapter describes 
additional work performed by Drs. Spessard, Yamamoto, and 


Rossy. 


The Left Side of Methynolide 

Ae thevend of Chapter 5 conpound 140 was proposed 
as a potential precursor to methynolide. From 140, com- 
pletion of the synthesis involves the intramolecular 
opening of the Cy 9° C11 Oxi rane by the carboxy group, tol— 
lowed by the removal of any protecting groups that may be 
present. Dr. Spessard carried out a series of model experi- 
ments designed to assess the feasibility of this approach. 
The test compound for this study was the y,6-epoxy-a, B- 
unsaturated ketone 326, 

Thessynechesiseos 326° Started from z—-mechy i—2— 


pentenal (324), the aldol self-condensation product of 
propanal. Although this aldol product has been known for 
almost one hundred years, it was not until recently that 


the stereochemistry of the double bond was conclusively 
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established as indicated in structure Oe apes Acetyl- 


methylenetriphenylphosphorane (171) was condensed with 


324, prepared by the method of Evans et ate oe to give 


thesdiienone 325.4) Treatment of 325 with m-chloroperbenzoic 


~~w 


acid resulted in epoxidation exclusively at the y,d-double 


CHO 
HC | 
cco pale Aal 
CH, 
S24 
See 
bond. 


When the epoxide 326 was stirred in hot acetic 
acid, the oxirane was cleaved in the manner desired. Com- 
pound 327 contains all the stereochemical features present 


in the C5-C) 3 fragment of methynolide. 
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Further Work with the Lactonic Acid (1+) -32 


(i) By modifying slightly the previously out- 


lined reaction scheme (see Chapter 7) for the conversion 


of the lactone 233 to the trimethylcycloheptenyl acetate 


261, Dr. Yamamoto has been able to improve the overall 


n~ww 


yield of (t)-32. One advantage of the modified procedure 


Original Route Modified Route 


lactone 233 


Eriol, 250 


~~ww 


hydroxy ditosylate 251 


~~wnw 


benzoyloxy ditosylate 252 acetoxy ditosylate 328a 
benzoyloxy diiodide 255 acetoxy diiodide 328b 
trimethyl benzoate 258 


trimethyl 


alcohol 259 ————» trimethyl acetate 261 


~~rw 


(+)-32 (overall yield) 
Original Route: 23 


° 


Modified Route: SOs 


is that the acetoxy ditosylate 328a is obtained as a crystal- 
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line substance. The crude 328a is isolated in 84% overall 
yield from lactone 233. One recrystallization affords 


analytically pure material. 


(ii) If the results of Dr. Spessard's study of 
326 are to be applied in the synthesis of methynolide, then 


the preparation of the stabilized phosphorane 329 becomes 


necessary. 


SHAS, 


The synthesis of this compound is presently be- 
ing developed. Encouraging preliminary results have been 
obtained. Drs. Yamamoto and Rossy have shown that in the 
presence of one equivalent of aqueous sodium hydroxide, 
the lactone moiety of (reg is quantitatively saponified. 
The methyl ester remains unaltered. If this selectivity 
is applicable to other nucleophilic reactions on (2) 32, 
then a one-step synthesis of 329 appears possible by using 


nw 


methylenetriphenylphosphorane (330). Reactions of 330 
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with simple esters are known. Dr. Rossy has shown that 


the above reaction proceeds in a test case with valerolac- 


tone. Condensation of the crude product with benzaldehyde 


\\ (CH.) ,OH 


aes 


Gives the expected Olefin 331. 
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CHAPTE Re. 


EXPERIMENTAL 


All melting and boiling points are uncorrected. 

The ir spectra were obtained on Perkin-Elmer 
model 21 and 257 infrared spectrometers. In reported ir 
spectral data the following abbreviations are used: s, 
strong absorption; m, medium absorption; w, weak absorp- 
tion; b, broad absorption; sh, shoulder absorption. 

The mass spectra were obtained on A,E.I. MS-2, 
MS-9, and MS-12 spectrometers. 

The nmr spectra were recorded on Varian Associ- 
ates A=60 and HA-100 ‘spectrometers. “in” reporting nme -ddca 
the following abbreviations are used: m, multiplet; s, 
singlec: a, (cOUDLeE; «LC, triplet yd, dudrtet. = tic™=avpre— 
viation b (broad) may prefix one of the above multiplicity 
abbreviations, in which case the specified multiplicity 
is just intended to give a visual picture of the absorp- 
€ion with no strong suggestion as to the “true nature of 
the splitting pattern. The abbreviation c (complex) may 
prefix a multiplicity abbreviation: Thisprefix is used 
to indicate the presence of one or more small coupling 
constants (J<2Hz). In reporting the results of decoupling 


experiments in the preceding chapters, the symbol a 
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indicates that the appearance of an absorption has been 
Strongly jaltered: “The symbol /“*" “ils fused -for 'describing 
absorptions that undergo only small changes in shape. 

Analytical glpc were performed on a F&M model 
S/>0-research chromatograph, equipped with 6 ft x 3716 in 
columns and a flame ionization detector, Preparative 
glpc were carried out on a F&M model 700 chromatograph, 
equippedswith.lO fi xel/A4 inaccolumns: 

All reactions were conducted under a dry nit- 


rogen atmosphere unless otherwise stated. 


4-Phenylbutanoyl Chloride (147) 


To a cold” (5°), stirred mixture ofe4—-pneny lbu-— 
Canore aed (7/250 Gq; 45,7 mM) and treshily dest Lied sthiony. 
chloride (6.50 g; 54.6 mM) was added N,N-dimethylformamide 
ew iG Oe 2 Oru) The reaction was protected from atmos- 
pHeric MOLStULe With a Drierite drying tube. ~Aftersche 
vigorous evolution of gases had subsided, the solution was 
heated at 90° for 15 min. Excess thionyl chloride and the 
small amount of N,N-dimethylformamide were then removed by 
distillation under reduced pressure. Final distillation 
of the dark residue gave 147 as a colourless liquid (bp 
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ir (CHC1,): 1800 cm (s); 1730 (m); 1605 (mj); 1497 (m); 


aD) Sit) L404 e am) 


l-Bromo-5-phenyl-2-pentanone (149) 


vw 


A solution of 147 (6.9359; (38.2.mM) sinwsdrysether 
(700° ml) was added dropwise over 1.5 hr to.a cold (02), 
stirred ethereal solution (220 mil; 0-50°9M; .1205mM) sor 
diazomethane under nitrogen. After stirring for 30 min 
at 10°, the yellow solution was stirred an additional 3.5 


hr at room temperature. The yellow diazoketone 148 re- 


mained as an oil in the flask after the solvent and excess 


diazomethane had been removed under reduced pressure at 
room temperature, 

The diazoketone was the diluted with dry tetra- 
hydrofuran (50 ml), cooled to 0°, and decomposed by the 
dropwise addition of 48% aqueous hydrobromic acid (ca. 
5.5 ml; 42 mM HBr). Nitrogen evolution ceased before 
addition was complete. After addition, the solution tested 
acidic. The yellow solution was stirred 1.0 hr at room 
temperature, poured into water (400 ml), and extracted 
with ether (4 x 100 ml). The combined extract was washed 
to neutrality with water (2 x 100 ml), concentrated to an 


OL, diluted with methylene chloride (150>m1) 7 vdried 
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(anhydr. Na,SO,), and reconcentrated to a yellow-orange 

oil (ca. 86% 149 and 14% 150). 

yield: 8.06 g; 88%. 

ir (film): 1732 and 1717 cm? (s); 1601 (m); 1494 (m); 
1453 (m); 747 (s); 697 (s). 

pm (euCl ji: ~ 2.79 (be; 5H); 6125 (ey 28); olde? .76 


(my SAh te aSOSSr 40m (ma k2H); 86.07 “(s; COCH,C1). 
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meas. m/e: 240.0153. 
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2-Oxo-5-phenylpentyltriphenylphosphonium Bromide (151) 


A solution of triphenylphosphine (9.26 g; 35.4 
mM) in benzene (30 ml) and a solution of 149 (72380 G con= 
taining 143% 150; 32.4 mM) in benzene (20 ml) were mixed 
under nitrogen at room temperature. After 30 sec, a 
white precipitate formed. The mixture, after stirring 
overnight, was filtered and the precipitate was triturated 
witn hot benzene (2 x 150 ml) and freed of solvent (room 
temperature, 0.1 torr). The crude phosphonium bromide 
(Caeeiiug)) was finally recrystallized from ethyl acetate-- 
methanol (mp 210.0-211.0°). 
Yield:] (10.64 9; 65%. 
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(bd, J=12Hz)s 56776-7723. (mM, °2H)>, 725-7. 70 
(in, 2H) 3 fe oe—o.5 0" em 2H). 

mass spectrum: meas. m/e 423 (P-Br). 
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2-Oxo-5-phenylpentylidenetriphenylphosphorane (145) 


The phosphonium bromide 151 (9.40 g; 18.7 mM) 
was added in portions over 30 min to a vigorously stirred 
mixture of aqueous potassium carbonate (10% by wt; 400 ml) 
and benzene (100 ml). The mixture was stirred overnight, 
the benzene layer was decanted, and the aqueous layer 
was extracted with benzene (3 x 100 ml). ‘The combined 
benzene solutions were washed with water (3 x 100 ml) and 
with saturated aqueous sodium chloride solution (100 ml) 
and dried (anhydr. Na,SO 


3804). 
145 as a yellow oil. All attempts to crystallize the oil 
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Removal of the solvent gave 


failed. During these attempts, the oil darkened appreci- 
ably. The bulk of the coloured impurities were success- 
fully removed by filtering a methylene chloride solution 
of 145 through a column, of neutral alumina (activity Il: 
400 g). Again removal of the solvent afforded a yellow 
Co 

Yield: ca. 6.5 9; 82%. 
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29 gy), 
meas. m/e: 422.1815. 


Peepatatlon Ot Benzoy 1 eChloride in) the; Presence OL Ul= 
Vinylcyclohexyl Acetate (153) 


A solution ofebenzoic acid ~(0 .b10eg 410: 90mm) 
in dry benzene (3 ml), maintained under a dry nitrogen 
atmosphere, was treated at 5° with a hexane solution of 
Debieys baths) (1730 Mss a0 ..69 imi) 0.00) mM) peaeliaVaeny leyolo- 
hexyl acetate (105 mg; 0.624 mM) and dry pyridine (ca. 
7 mg; 0.09 mM) were then added. To the vigorously stirred, 
Gold }(5°))\mixtunewwas .addedjsiby syringe over ca.513 min, 


dustelied oxalyi- chiorrvde /(0 43 0s $3) 25, mM) eyeDumingythe 


addition the tip of the syringe needle was submerged in 
the mixture. After stirring 2 hr, the mixture was diluted 
with carbon tetrachloride (3 ml) and centrifuged. The 
clear centrifugate was concentrated to an oil. The nmr 
spectrum and glpc (UCW-98) showed the product to consist 


solely of benzoyl chloride and 153. 
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2-(1,3-Dithian-2-yl)-2-propanol (156) 
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A hexane solution of n-butyllithium (72 ml; 1.60 
M; 115 mM) was added via syringe, at a rate of ca. 5 mi/ 
min, to a cold (-30°), stirred solution of 1,3-dithiane 
(15.09; 125 mM) an dry tetrahydrofuran (400 mi) under 
nitrogen. | Atter 2 0hristarring, scne clearesolution= or o2- 
lithio-1,3-dithiane, maintained at -30°, was treated drop- 
wise with dry acetone (8.57 ml, 116 mM). Stirring was 
continued for 6 hrvat =15°, then tor 20 hr at, 0°. ~—Follow= 
ing concentration to ca. 100 ml, the reaction mixture was 
diluted with water (100 ml), neutralized to pH 7.5 with 
aqucous hydrochloric acid (20 M), and extracted with 
ether (4 x 80 ml). The combined extract was washed with 
saturated sodium chloride solution, concentrated to an 
Oily residue, diluted with methylene chloride (150 ml), 
and dried (anhydr. Na,SO 


280,)- 


gave crude 156 as a yellow oil. Fractional distillation 
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Evaporation of the solvent 


removed the small amount (ca. 1.0 g) of 1,3-dithiane con- 


tained in the crude product.) | Thesdistl tiled 56) (bp 33 ~- 
at 0.03 torr) crystallized readily at room temperature. 
mp 39.6-40.0°; recrystallized from pentane. 


Yield: 15.6 g; 76%. 
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2-(1,3-Dithian—-2-y1)-2-propyl Acetate (157) 


~~~ 


The hydroxy dithiane 156 (14.50 g; 81.4 mM) was 
dissolved in freshly distilled isopropenyl acetate (100 
ml) which contained p-toluenesulphonic acid monohydrate 
(1.0 g, 5.25 mi) and the solution was heated under nitro- 
genpaeG0rMstor 24°hrse The icooled) dark Giguid,, which con— 
tained an immiscible oil, was neutralized with pyridine, 
stripped of isopropenyl acetate under reduced pressure, 
diluted with benzene (300 ml), and again concentrated to 
an oil. The residue, dissolved in methylene chloride 
(150 ml), was washed with aqueous sodium bicarbonate (5% 
by? wt 044 x950 ml), water (100 em), aqueous hydrochloric 
actay (17 01 Mjr4 x50 ml), and with water (100 ml) and fin- 
ally was dried (anhydr. Na,SO0,). Removal of solvent left 
an orange product which was distilled to give 157 as=a 
WitLte=ssolide "bp 78° Vat Ul25) COTE. SMp Oe 4 -o0l veg Trecrys= 
tallized from pentane. 
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a-Acetoxyisobutyraldehyde (154) 
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pesOlution of mercuric chloride (4.19q; 25 mM) 
in acetone (10 ml) was introduced dropwise into a vigor- 
Sus ly scl rred Mixture Of 1157) (2465 9g; 1270 mM) and freshly 
prepared cadmium carbonate (4.1 g; 24 mM) in acetone (80 
mil and water (10 ml), maintained at room temperature and 
under nitrogen. After the mixture had been stirred for 
Owlineat- room temperature and for 6 hr at 40°, the mixture 


was treated with additional cadmium carbonate (2.5 g; 14 mM) 


and mercuric chileride (2.5 9g; 9.2 mM; dissolved in 10 ml 


acetone). Stirring was continued at 40° for 20 hr and 
Ginr2biy ac rerlux for S30 hr: “ihe cooled mix tuner Was ect 
tered and the solids were washed with acetone. The com- 


bined filtrate and washings was concentrated, in the pre- 
sence of fresh cadmium carbonate, to 10-15 ml by spinning- 


band distillation. The pot residue was centrifuged and 


the clear centrifugate was diluted with chloroform (15 ml). 
After removal of the precipitated solids by centrifugation, 
the solution was flash-distilled under reduced pressure 
from the remaining dissolved mercury salts. By glpc ana- 


lysis “(UCW-98), the main product in the distillate was 154. 
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However, at least five minor products as well as a signi- 

eveCant amount of 157 were also present. Fractional dis- 

tillation under reduced pressure afforded 154 (ca. 90% 

purity). For spectral characterization, a sample of pure 

154 was obtained by preparative glpc (SE-30, 118°). 

Peles ca. 620 igi; 402. 
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t-Viny lcyclohexanol (158) 


The preparation of 158 was Similar to that des- 
cribed in reference 138. Thus a three-necked flask (500 
ml), equipped with an overhead stirrer and a dry ice-- 
acetone condenser, was charged with pulverized magnesium 
EurEnings, (8.02 9, 330 mM)... Thessystem was thoroughly 
dried and maintained under an atmosphere of nitrogen for 
the duration of the reaction. Dry tetrahydrofuran (16 ml) 
and vinyl chloride (ca. 4 ml) were introduced. The 
stirred mixture was heated to ca. 40° and two drops of 
1,2-dibromoethane was added. The reaction had been ini- 
tiated when the solvent became light brown. Stirring and 


periodic heating to 40° were continued until the colour 


had become dark brown. More vinyl chloride (ca. 10 ml) 
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was condensed into the flask. Dey tetrahydrofuran ay.20 

ml) was added in portions over 2 hr. The presence of 
vinyl chloride in the mixture was always maintained. 
Stirring at 30-45° was continued until only traces of mag- 
nesium remained. The dry ice--acetone condenser was 
replaced by a water-cooled condenser. The deep brown solu- 
tion was heated to 65° and the excess vinyl chloride was 
vented tO the fume nocd. To the “Grignard solution, cooled 
and maintained at -10 to -5°, was added dropwise over 2.5 
Nea SOlUttOn VOL distilled cyciohexanone. (27. 0>Gsu27 5 108) 
in ary tetrahydrofuran (40 ml). After stirring 10 an at 
room temperature, the mixture was cooled to 0° and hydro- 
lysed by the slow addition of cold, saturated aqueous 
ammonium chloride (35 ml). The precipitate was allowed 

to settle, the clear yellowish solution was decanted, and 
the solid residue was washed with ether (4 x 100 ml). 

The combined organic solution was concentrated to an oil, 
diluted with methylene chloride (200 ml) and dried (anhydr. 


Na,SO After removal of solvent, the residue was dis- 


3S0,). 
tilled to give 158 as a colourless liquid (bp 70-71° at 
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Yield: 29.6 g; 858. 
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1l-Vinylcyclohexyl Acetate (153) 
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1-Vinylcyclohexanol (158; 19.9 g; 0.157 M) was 
a@ussotved in cyclohexane (100 m})s An: aliquot (10 ml) of 
this solution was added over 5 min to a stirred, heated 
(70°) solution of p-toluenesulphonic acid monohydrate 
(100 mg; 0.52 mM) in distilled isopropenyl acetate (180 ml; 
previously dried over 4A molecular sieve), maintained 
under nitrogen. After 90% of 158 had reacted (ca. 2-3 hr; 
determined by glpc, UCW-98), a second aliquot (10 ml) of 
the cyclohexane solution of 158 was added. This procedure 


~~nrw 


was Continued until all of i5s had been added. The pale 
yellow solution was heated for an addition 14 hr and then 
cooled. Removal of solvents left an oil which was taken 
up in ether (300 ml), washed with aqueous sodium bicarbon- 
ate (5% by wt; 100 ml) and with water (100 ml), concen- 
trated to an oil, diluted with methylene chloride (200 ml), 
and dried (anhydr. Na,SO,). Evaporation of the solvent 
gave crude 153. A glpc analysis showed the presence of 
only trace amounts of 158 (2-3%) and of the diene by- 


products (2-3%). Distillation of the crude product yielded 
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2.0% 


153 asvascotourless’ Liquid (bp 77° at 7 torr; lac, bp 
65° at 1 torr). Unfortunately during the distillation 
approximately 10% of 154 decomposed to the diene impuri- 
ties. 

Were 215) G7 O2. 6% 


ee (CHC1,): gps aie 


(s)5 1642, (w) 1370s) s1239 4s )i 

nmr (CHCl): C83 .959=4-.-10 (mm, J) 4266-5507 ome 2H) 
DoDI (Sy AO) a 1 Oe 2 a MeO re 

MaSSaSpecerum: | calc... for C3 oH 1622: Te shih LES YO) 


meas. m/e: 168.1146. 
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1-Acetoxycyclohexanecarboxaldehyde (159) 


A stream of ozonated oxygen (0.33 cu ft/min; 
1.95 mM ozone/min) was passed through a sintered glass 
disc into a stirred, cold (—60°) solution of the allylre 
acetate 153 (10.0 g; 90% pure; 53.5 mM) an methanol (200 
ml). Monitoring the disappearance of 153 by glpc (UCW-98) 
showed the reaction to be complete after about 1.5 hr 
(equivalent to 175 mM 03). After purging ozone from the 
Clear solution (-60°) with dry nitrogen for 1 hr, dimethyl- 
sulphide (5.58 g; 90 mM) was then introduced via syringe. 
Moewsolution wasastirred for 1.0 hr at —60°)> 2.5 nr at) -—3°, 


and 5 hr at room temperature. Removal of solvent left an 


Oil which was poured into water (500 ml) and extracted with 
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-Skelly B (4 x 80 ml). The combined extract was washed with 
aqueous sodium bicarbonate solution (5% by wt; 50 ml) and 
with water (50 ml) and was stripped of solvent. The resi- 
due was taken up in methylene chloride (50 ml) and dried 
(anhydr. Na,SO,). Concentration of the solution and flash 
distillation of the residue gave 159 as’ a colourless: 12quid 
(95% pure by glpc; UCW-98). 

Vike Nels) 3556 27 39%. 

ix (CHC1,): 1730 cm™* (s); 1371 (m); 1266 and 1240 (bs). 


nmr -CDCL TOGO" (si ah) =e S8e" (Ss- 3H) a7, 60=—9..00 hun, 
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1-(1-Acetoxycyclohexy1) -6-phenylhex-1l-en-3-one (160) 


Avsolution of the phosphorane 145 °(1.51 97° ca: 


~wwew 


3.5 mM) and 159 (ca. 95% pure; 0.500 g; 2.78 mM) in dry 
tolucnes (2amij©undér dry nitrogenewas heated at ™=90-100* 

for two days. The cooled, dark red product was stripped 
of solvent under reduced pressure, and diluted with cyclo- 
hexane. The triphenylphosphonium oxide was removed by 
filtration. More phosphonium oxide was removed by repeat-— 
ing the above procedure. The crude product was purified 
by chromatography on silicic acid (30 g; chloroform eluent) 


and by short-path distillation (0.05 torr; 170-200° bath 


temperature). The desired compound (160) was obtained as 
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.a colourless oil. Analysis by tle (silica gel) showed that 
a small amount of decomposition had occurred during the 
distillation. 
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sige (CHC1,): (S)- 1668 (s) > 16345 (mj); 1234 (s).: 
nmr (CDC13): Tee OO mL OS pro ee ote (Cad =. Le pe) ue Omoe 
(7d HZ ee) pera Oo 9S (Mn Lot jy 
t (CH,COO) 7.98. 
Mass especcrums: Jcalc. for Co gH 603: Ses eRe Par 


meas. m/e: 314.1879. 
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S-Ethyl Heptanethioate (169) 


Avsolution ofshepEanoic ‘acidal(4. O4age 13058 5mM) 
and W,N-aimethylformamide (ca. 7 mg; 0.01 mM) in freshly 
distilled thionyl chloride (3.6 ml; 50.0 mM) was stirred 
at room temperature for 2 hr, protected from atmospheric 
moisture by a Drierite drying tube. Excess thionyl chlor- 
ide was removed under reduced pressure. Remaining traces 
of thionyl chloride were removed by diluting the residue 
with dry benzene (15 ml) and then reconcentrating to an 


oil. This procedure was repeated twice. A solution of 


the resulting heptanoyl chloride in dry benzene (40 ml) 


was added over 10 min to a cooled (10°), stirred suspen- 
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~sion of lithium ethanethiolate in benzene, previously 


prepared by adding a hexane 
(4020 (ml pel oe Me 6iomM) to 
tiongonsethanethiol (50g; 
After stirring overnight at 
was heated briefly (30 min) 
dilute aqueous hydrochloric 
aqueous HCl), and extracted 


combined extract was washed 


solution of n-butyllithium 

a cooled (10°), stirred solu- 
81 mM) in dry benzene (100 ml). 
room temperature, the mixture 
at reflux, cooled, poured into 


acitdm (7 Osmls HAO candws0gnle 1.0 M 


2 
with benzene (2 x 50 ml). The 


with water (50 ml), concentrated 


to ca. 6 ml, diluted with methylene chloride (50 ml), 


dried (anhydr. Na.SO and 


9 4) 


stripped of solvent. The 


resulting oil was filtered through a column of silicic 


acid (100 g; carbon tetrachloride eluent) and distilled 


(bp LA sate23) torr )mtougive 169 as a colourless oil. 


Yitelds5 4552 9; S64. 
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ir (film): 1694 cm~ (s). 


nmr (CDCl): Tele bO (a eI Hoye etl) pe CO) (Dey eRe ey eet oe 
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Heptanal (170): W-1l Raney Nickel Reduction of 169 
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W-l Raney nickel was prepared according to the 
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procedure of Covert and Adkins. The Raney nickel was 
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stored under methanol in a tightly sealed bottle. 

W-1l Raney nickel (2.0 ml as methanol-moist cata- 
lyst; ca. 1.4 g dry wt) was washed three times with ace- 
tone (8 ml) to remove the methanol. The catalyst was then 
refluxed in acetone: (8 ml) for .2 hr under nitrogen. After 
cooling, the acetone was decanted and the catalyst was 
washed four times with 20% aqueous dioxane (8 ml). A 
Solution: of 169 (20.4 mg; 0.117 mM) and cyclododecane 
(15.0 mg; internal standard for glpc analysis) in 20% 
aqueous dioxane (11.7 ml) was introduced into the flask 
containing the moist catalyst. Under nitrogen, the mix- 
ture was heated at 60° and the progress of the reaction 
was followed by glpc (UCW-98). By referring to the glpc 
traces of standard solutions of heptanal and cyclododec- 
ane and of 169 and cyclododecane, the amounts of heptanal 
and the thiol ester were calculated. The results are sum- 


Marized in Table 14. 


trans-3-Decen-2-one (172) 


~~ we 


A solution of heptanal (0.268 g; 1.99 mM) and 


94 
acety lmethylenetriphenylphosphorane le] ss 07 34 Cems 0 


mi) in benzene (5 ml) was refluxed for 15 hr, cooled, 
concentrated to ca. 1.0 ml under reduced pressure, and 


diluted with pentane (6 ml). After filtration to remove 
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the precipitate, the filtrate was again concentrated, 

- diluted with pentane and filtered. Final removal of sol- 

vent and fiash distillation afforded pure 172. 

Ywvelds”” 0.3005 97, 923. 

rr (CHC1.): 1690 ome (shoulder); 1670 (s); 1637 (shoul- 
ders S62 591Cs) 7009 80 Cs x. 

nmr (CDC1,): Toned, J4=16 IPA J,=6.5 HZ. it) se 39} 
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Table 14: Reduction of S-Ethyl Heptanethioate with 


Raney Nickel 


Reaction Time Thiol Ester Heptanal 
(hr) ney (03) mg (%) 
0 2054 4(4200) OF ((0)) 
#25 9.0 (44) Bio als) 
eS BYeates BES) 7. Oe (38)) 
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trans-3-Decen-2-one (172) from 169 and 171 


pee Se ee eee 
W-l Raney nickel (4.0 ml as moist catalyst; ca. 
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(2.8 g dry wt) was partially deactivated and washed 

with aqueous dioxane as described previously on page 220. 
To the washed catalyst was added a solution of S-ethyl 
heptanethioate (169; 50.1 mg; 0.288 mM), acetylmethylene- 
tripheny1lphosphorane (171; 92..0-MG; 92.89. mM)9 and -cyclo= 
dodecane (28.7 mg; internal glpc standard) in 20% aqueous 
dioxane (7 ml). The mixture was stirred under nitrogen for 
4.25 hr at 60°, cooled, and filtered. The filtrate was 
then heated at reflux for ll hr. Gilpe analysis (UCW-98) 
Obethe reaction mixture and of a standard solution of 172 
and cyclododecane indicated a yield of 52% for 172. Al- 


though heptanal was still present in the crude product, 


extended heating at reflux did not improve the yield. 


Ethyl Hydrogen Adipate (173) 


The procedure reported for the preparation of 
ethyl hydrogen sebacate was used with little modifica- 
Eon 

A-mixture Of adipic acad \(201eG; bose mole), 
diethyl adipate (100 g, 0.472 mole), absolute ethanol 
(36 ml; 0.62 mole) and concentrated aqueous hydrochloric 
acid (28 ml) in dry di-n-butylether (distilled from cal- 
cium hydride; 75 ml) was heated at reflux until the mix- 


ture became homogeneous. The temperature of the pot was 


lowered to 125°, absolute ethanol (43 ml, 2.0 mole) was 
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added, and the solution was refluxed 11 hr. Additional 
“absolute ethano! «(20 m1,10.82 mole) ewas addedyesAfter 5 

hr reflux, the solution was cooled to 75° and the solvents 
were removed under reduced pressure (20 torr). The pot 
Lemperature was slowly \raisedyto ,l25°vate20etor~e, When 

no further solvent distilled, the residue was cooled, 
tested as neutral to moist pH paper, and fractionally dis- 
tilled using a spinning-band column. The crude ethyl 
hydrogen adipate (bp 105-110° at 6 torr) was redistilled 
to afford pure 173 as a colourless o11,. s(bp 7105-108" sat 


6 LEOrE: eg, ee 


bp l55-6°2at o7 con). 
Yield: 123 g; 44% (based on adipic acid). 
ir (CHC1,): 3630-2410 cm™* (bm); 1713 (s). 
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5-Ethoxycarbonylpentanoyl Chloride (174) 
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Ethyl hydrogen adipate (110 g; 0.633 mole) and 
distilled thionyl chloride (150 g; 1.26 mole) were mixed 
in a flask protected from atmospheric moisture by a Drier- 
ite sdrying tube. N,N-Dimethylformamide (50 mg; 0.68 mM) 
was then added and the solution was stirred for 8 hr at 


room temperature. The solution was warmed to ca. 40° and 
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the excess thionyl chloride was stripped from the product 
at slightly reduced pressure. The remaining trace of 
thionyl chloride was removed by coevaporation with dry 
benzene. The dark oil was distilled (bp 115° at 10 torr; 
142a 


Heats bp 214-115 -yat Jatorr))toygivespure 174% 
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Undecanedioyl Chloride (176) 
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Distilled oxalyl chloride (60 g; 0.47 mole) was 
added to a mixture of undecanedioic acid (25.0 g; 0.115 
mole; prepared from 174 as described in reference 142) in 
dry benzene (30 ml) at 0°. The reaction was warmed to 
room temperature and stirred overnight, protected from 
moisture by a Drierite drying tube. Benzene and excess 
oxalyl chloride were stripped off at room temperature 
under reduced pressure (20 torr). The remaining trace 


of oxalyl chloride was removed by coevaporation with dry 


benzene. Undecanedioyl chloride was obtained as a yellow 
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S-Ethyl 10-Carboxydecanethioate (177) 
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The reaction of an acid chloride with ethanethiol 
has been previously reported to proceed in high yields o?? 

An aliquot (15 ml) of a solution of ethanetniol 
(9.50 ml; 7.90 g; 0.127 mole) in dry benzene (100 ml) was 
added dropwise into stirred undecanedioyl chloride (pre- 
pared from 0.115 mole 175) under nitrogen at 30-35°. MThe 
solution was stirred at this temperature for 3-4 hr. A 
second aliquot (15 ml) of the ethanethiol solution was 
added dropwise and again the solution was stirred for 3-4 
hr. This procedure was continued until all of the ethane- 
thiol had been added. After additional stirring at 30-35° 
for 12 hr, the solution was heated to 100° to remove the 
excess ethanethiol and much of the benzene. After cool- 
ing, remaining acid chloride was hydrolysed by the slow 
addition of aqueous potassium hydroxide solution (73% by 
wt) until the pH tested between 6-7. After 3 hr stirring, 
the pH of the mixture was readjusted to 6-7 with more 
aqueous base. Two hours stirring produced little change 
in the acidity of the mixture. The pH of the mixture was 
then adjusted to ca. 1.5 with diluted aqueous hydrochloric 
acid (3% by wt), during which an off-white precipitate 
formed. The mixture was.extracted with methylene chloride 


(4 x 100 ml) and the combined extract was washed with 
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water (100 ml), dried (anhydr. Na,SO,), and concentrated 
- to a yellow-orange solid. The solid was dissolved in the 
minimum volume of dry tetrahydrofuran and diluted with 
pentane (300 ml). The precipitate (mainly undecanedioic 
acid) was removed by filtration and was washed with a 
little benzene. The benzene washing and filtrate were 
combined and concentrated to an oil. Silica gel chroma- 
tography (430 g; 5% ethyl acetate--benzene eluent) gave 
177 asca pale: yellow solids (mp™48.7-49.5°) jrecrystal lized 
from ether--pentane). 
Yields. 9.66 G7 4325. 
ir (CHC1,): 3502 cm ~ (w); 3500-2700 (bm); 1704 (s); 
L678) (sir 
nmr (CDC1,): Te0ic 08 (DS ye LH ind le AUC m =e iia pee et) see) ceo a 
Laoout,. 40 es 7. 80=8,95 s(t i) see (CH,CH,SCO) 
Sod / (cpa 7 eZ 
analysis: Calcd. for C1385 4035: Cool Os elige oie seme 
di ee oeee 
Found s) C 259 .0C teri oO. 24) Cope le al. 
mass spectrum: calcd. for Cy 385 4035: 260.1447. 


meas. m/e: 260.1442. 


S-Ethyl Chlorocarbonyldecanethioate (178) 
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ene (2.0 ml), protected from atmospheric moisture by a 
_Drierite drying tube, was stirred at room temperature for 
6 hr. Benzene and excess oxalyl chloride were removed at 
room temperature under reduced pressure. The remaining 
trace of oxalyl chloride was removed by coevaporation 


with dry benzene. Compound 178 was obtained as a yellow 
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S-Ethyl 12-Bromo-1l-oxoundecanethioate (180) 


To a stirred, cold (-10°) ethereal solution of 
diazomethane (27 ml; 0.49 M, 13 mM) under nitrogen was 
added over) 15emin) assolution o£ 178 (prepared from 4.3 mM 
i727) finedrysether, (15 ml).g«After stirring ’6 hrebetween 
-5 and 0°, the yellow solution was evaporated at room tem- 
perature to a yellow oil. The crude diazoketone 179 was 
diluted with dry tetrahydrofuran (10 ml) and reconcentrated. 

Aqueous hydrobromic acid solution (48.2%; 0.75 gj 
4.5 mM HBr) was added, over 3 min, to a cold (-20°), 
stirred solution of 179 in dry tetrahydrofuran (10 ml). 
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After addition was completed, the yellow solution was 
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Shi yced $for 5 min; at 0.2, epourned? into (watemal( 509m.) peand 

' extracted with methylene chloride (4 x 40 ml). The com- 
bined extract was washed with water (2 x 40 ml), concen- 
trated to ca. 2 ml, diluted with methylene chloride, dried 
(anhydr. Na,SO,), and reconcentrated at room temperature 
to a light brown solid. Removal of minor impurities by 
Silicic acid chromatography (28 g; chloroform eluent) 
afforded i180 as a pale yellow solid. 
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Pea(eHsci): giae0 Sane (cha nec 2h) 
nmx (CCl): 1 6.22 (s, 2H); 6.94-7.72 (m, 6H); 8.10-8.96 
(rye 7 es 


11-Ethylthiocarbony1-2-oxoundecyltriphenylphosphonium 
Bromide (182) 

A solution of triphenylphosphine (1.02 g; 3.89 
mM) in dry benzene (5 ml) and dry heptane (4.5 ml) was 
added with stirring at room temperature to a solution of 
oO ets 1964g 763.559mM) vinedny benzene) (oem) )wandydryphep= 
tane (4.5 mol) under nitrogen. The pale yellow solution 
deepened in colour and after 15 min a small amount of 
orange oil separated from the turbid solution. After 45 
min heating at 65°, approximately 1-2 g of oil had separ- 


ated from solution. The mixture was stirred and heated 
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an additional 1.25 hr at 65° and then cooled. The solvents 
' were removed at 35° by rotary evaporation and the resulting 
oil was chromatographed on silicic acid (93 g). Unreacted 
triphenylphosphine, 180, and the by-product 183 were 

eluted readily with chloroform. The desired phosphonium 
bromide (182) was eluted with 1% methanol--chloroform as a 
yellow-orange oil. 
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11-Ethylthiocarbony1-2-oxoundecy lidenetripheny lphosphorane 
(168) 
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A methylene chloride solution of phosphonium 
bromide 182 (0.802 g; 1.34 mM) was dried 15 hr over 4A 
molecular sieve. The solvent was replaced by dry benzene 
(20 ml). The cooled (5°) solution was treated witha 
hexane solution of n-butyllithium (1.54 M; 0.845 ml, 1.30 
mM). The smell of mercaptan was detected during the reac- 


tion. (n-Butyllithium was a poor choice of base. For 


comment see page 102.) After stirring for 15 min, the 
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solution, which contained a fine precipitate, was poured 

into water (60 ml) and shaken. The mixture was extracted 
with benzene (3 x 40 ml) and the combined extract was con- 
centrated to a heavy oil, diluted with methylene chloride 


(30 ml), and dried (anhydr. Na SO,). Removal of solvent 


2 
gave crude 168 as a pale yellow oil. 
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Raney Nickel Reduction of 168 
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The activity of a batch of W-1l Raney nickel was 
standardized using S-ethyl heptanethioate as a test sub- 
strate. The methanol-moist W-1l Raney nickel (28 ml; ca. 
19.5 g dry wt) was washed thoroughly with freshly distilled, 
purified acetone (3 x 40 ml) to remove the methanol. The 
catalyst, in purified acetone (50 ml), was stirred at 
reflux under nitrogen for 2 hr. After cooling, the ace- 
tone was decanted and the catalyst was thoroughly washed 
with 20% aqueous dioxane (5 x 40 ml). To the catalyst 


was then added a solution of crude 168 (ca. 80% pure; 


jasvieca io isvomed reo aio ‘pend be ¥ mn 
«Lito wolley staais ange wane z 


ta) oxnt’s (a) MebE (fe) OERL (ed)? mm Veet er 7 
bomkteb+LE2) Tyd-O. 8. y(B2L, ym) egiseo.8-r tl Lee 
va) Ne, CoeCT 1H wR Se=O cp) EL.6 4CHE oe 
8) SS.0-88.8, p(RTE, ya) BE.B-TO.T ME 

, nab | . (ys dregmni 


nsw fedoia yonsh £-Wiae doesd. 6 Wor ytivisse sat. 
-dfe tee% 8 66 es60bidtensiced iydie-2 pate oes 
= 


ont peas ony evomex of (im OF x €) an bi 
+6 borride ebw , ($m 92) enossos! badtiawg az ,teyis 
~aes e02 acai deal sad. £ sok, omar utes 


Pepe 


Ofpo- O78 0. soem: 920067 M) and cyclododecane (18.7 mg; 
internal glpc standard) in 203 aqueous dioxane (150 ml). 
Thesmixture®wasestirred at 60° underinitrogenstores hr, 
cooled, and filtered. The catalyst was washed with diox- 
ane (2 x 25 ml). The combined washings and filtrate was 
diluted with heptane (50 ml) and washed with saturated 
aqueous sodium chloride solution (2 x 100 ml). The com- 
bined aqueous washings was back-extracted with heptane 
(Zaxeo0smL).. All organic solutions werescombined (ca. 
360 ml; 0.0024 M in phosphorane), dried briefly (anhydr. 
Na,SO,), and heated at reflux (90-95°) under nitrogen. 
The progress of the reaction was monitored by glpc (UCW- 
98). There appeared to be no further reaction after 52 
hr. After 7 days, the solution was concentrated to ca. 

4 ml by careful spinning-band distillation. The residue 
was. diluted with.pentane, cooled to -15°, filtered to 
remove triphenylphosphonium oxide, and stripped of sol- 
vent. The procedure was repeated twice. From the clear 
Concentrate (Ca. 2 ml) aa small amount of yellow oil sep- 
arated to the bottom of the flask. The oil showed no 
peaks on glpc (UCW-98). On the other hand, glpc analysis 
(UCW-98) of the solution indicated the presence of cyclo- 
dodecane as well as five main products (yields roughly 
3-5% based on 168) with retentions equal to or longer 
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than that of cyclododecane. Analysis of the mixture by 
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glpc-mass spectrometry showed the product with the second 
“shortest retention time (retention time: 44.0 min relative 
to cyclododecane; 6 ft UCW-98; temperature programmed from 


90° to 200° at 10 /min) to have an apparent molecular ion 


arenes 130. 


S-Ethyl 11l-Hydroxyundecanethioate (187) 


A solution of borane in tetrahydrofuran (1.0 M; 
14.5 ml; 14.5 mM) was introduced, over 30 min, into a 
Selured, COlda(=l82)) soluvionsotel (79 \(2. 2000 ml os piaM ee 
dry tetrahydrofuran (20 ml), maintained under nitrogen. 
The solution was then stirred overnight at -18°, hydrolysed 
Witheaqueous hydrochloric acids (7.5s.by wet; £5 .m1;e1l2omMy, 
and saturated with sodium chloride. The upper organic 
layer was decanted and the aqueous layer was extracted 
with ether (3 x 6 ml). All organic solutions were com- 
bined, stripped of solvent, diluted with methylene chlor- 
ide (30 ml), dried (anhydr. Na,SO,), and reconcentrated 
tovan soil. (Chromatography ,of the oil on ssilicasgela(62ag; 
3% ethyl acetate--benzene eluent) afforded pure 187 (mp 
29.0-29.8°; recrystallized from ether--pentane). 
NiGlO@ a2 2a; p73 bx 
ir (CC1,): 3620 cm ~ (m); 3600-3100 (m); 1691 (s). 
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Mass spectrums, calcd. “for €-.H-—O S: 246.1654. 


13626; 2 
meas. m/e: 246.1658. 
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ll-Hydroxyundecanoic Acid (188) 


A solution’ of hydroxy, thiol ester 1387 (l.01/ Gg; 
4.13 mM) in 20% aqueous ethanol (3 ml) was treated with a 
solution (0.924 M; 4.93 ml; 4.55 mM) of potassium hydrox- 
ide in 20% aqueous ethanol. After heating for 1.5 hr at 
75°, the solution was cooled, neutralized to pH 6 with 
aqueous hydrochloric acid (103 by wt) and stripped of 
solvent at 30°. The resulting white solid was mixed with 
water (30 ml) and the pH of the mixture was adjusted to 
1.0 with concentrated aqueous hydrochloric acid. After one 
extraction with ether (20 ml), the aqueous layer (pH 1-2) 
Was Saturated with sodium chloride and further extracted 
with ether (4 x 20 ml). The combined extract was concen- 
trated to a solid, diluted with methylene chloride (50 ml), 


and dried (anhydr. Na,SO,). Removal of solvent afforded 


188 as a white solid (mp 67.7-68.5°; recrystallized from 
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SNekouloer Ne ash tepse IMOOR 
ir (CHC1,): 3600-2400 cm) (m); 1709 (s); 1229 (bs). 
nmr (CDC1,): +1 2.81 (bs, 2H); 6.36 (bt, 2H); 7.67 (bt, 


2H) 8 214-9505 5 (i 16H). 


ll-Acetoxyundecanoic Acid (189) 


A solution of li-hydroxyundecanoic acid (188) 
(0.830 g; 4.10 mM) and acetic anhydride (0.410 g; 40.6 mM) 
in dry pyridine (10 ml) was heated under nitrogen at 70° 
for 6 hours, cooled, stripped of pyridine and acetic anhy- 
duides (30°, 0701 torr), diluted with dryoxylene: (10 ml), 
and reconcentrated to an oil. The oil (mainly the ace- 
toxy anhydride) was stirred in aqueous tetrahydrofuran 
Clalaby. VOL; alos) wat eJ5oCRtor oa hr. hes pi son. the 
cooled mixture was adjusted to 1.0 with concentrated 
aqueous hydrochloric acid. The mixture was saturated with 
sodium chloride and extracted with ether (5 x 7 ml). The 
combined extract was concentrated to ca. 2 ml, diluted 
with methylene chloride (20 ml), washed to pH 3-4 with 
sodium chloride solution (50% saturated), and dried (anhydr. 
Na SO,). Removal of solvent and chromatography on silicic 


2 
acid (14 g; 30-50% chloroform--carbon tetrachloride elu-— 


ent) gave 189. 
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Yield: 0.828 g; 833%. 
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/ir (CHC1,): 3600-2400 cm ~ (m); 1720 (2 peaks, s); 1365 
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ll-Acetoxyundecanoyl Chloride (190) 
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A solution of ll-acetoxyundecanoic acid (189; 
0. 76/49;23, 14emM) and’ freshly distilled toxalyl chiloride 
(3 ml; 4.5 g; 35 mM) in dry benzene (3 ml) was stirred at 
£oom= temperature’ for 4 hr. Under reduced’ pressurev and at 
room temperature, the solution was concentrated to ca. 
0.6-1.0 ml. The remaining trace of oxalyl chloride was 


removed by coevaporation with dry benzene (3 x 5 ml). The 


residue was a pale yellow oil. 


12-Acetoxy-1-bromo-2-dodecanone (192) 


To a stirred ethereal solution of diazomethane 
(O42) My 22.5 ml; 9.45 mM) at 0° under nitrogen was addea, 
slowly over 10 min, a solution of 190 (3.14 mM 189) in 
ary ether (10"ml}= “Atter=stirring 5S” hr ated “7 tiie mixture 
was allowed to stir 4 hr at room temperature. The yellow 
solution was stripped of solvent and excess diazomethane. 


The yellow residue was dilutea with dry tetrahydrofuran 
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(15 ml) and again concentrated to give crude diazoketone 


191% 


~~w 


The diazoketone in dry tetrahydrofuran (10 m1) 
at -20° under nitrogen was decomposed rather slowly by 
Slowly adding over 3 min aqueous hydrobromic acid (483; 
Ov53° 9; 3744°mM).” “The solution” was then stirred 20 min 
at 0°, 20 min at room temperature, poured into water (30 ml), 
saturated with sodium chloride, and extracted with methyl- 
ene chloride (4 x 15 ml). The combined extract was washed 


with water and dried (anhydr. Na.SoO Removal of solvent 


2 4): 


and chromatography of the yellow oil on silicic acid (40 g; 


chloroform--carbon tetrachloride eluent) gave 19l as a 


white solid (mp 38.5-39.5°; recrystallized from pentane). 


Mr loteO. bo oie Leon 189. 
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1-Bromo-12-hydroxy-2-dodecanone (193) 


Miterirred “solution o£ 11 921e( 07336" gy l0> mM) and 
p-toluenesulphonic acid monohydrate (10 mg; 0.052 mM) in 
dry methanol (10 ml) was refluxed under nitrogen for ll hr. 


Removal of solvent and chromatography of the solid residue 
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Onesilicichacid (llig: chloroform eluent)! afforded, 193%as 


~nwwn 


‘a white solid (mp 77.0-77.2°; recrystallized from carbon 
tetrachloride). 


Yield: 0.255 g; 873. 


ir (CHC1,): 3612 cH aie! S600 82008 (mem ly Tens). 


nmr (CbC1.): TeOwl2ets, LH) +) 6. COMM DL lec yite Ue SO Gas cy eer): 


gine 0-90 LO Sel 7H). ewe (CLCH CO; e102)" 5594 
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12-Bromo-1l-oxododecanal (194) 


NNN 


Chromium trioxide--pyridine complex was pre- 
pared by the method of Dauben and coworkers.~ > 

Methylene chloride (10 ml, dried over 4A molec- 
ular sieve) was treated with chromium trioxide--pyridine 
complex (20 mg; 0.078 mM) under nitrogen, stirred 20 min, 
and centrifuged. The clear centrifugate was decanted 
onto chromium trioxide--pyridine complex (351 mg; 1.36 mM). 
After stirring the deep burgundy solution for 15 min at 
room temperature, a solution of the bromo alcohol 193 
(Tecrystallized trom carbon tetrachloride; (mpl /7.0=/i/c20; 


62.3 mg; 0.223 mM) in dry methylene chloride (1.5 ml) was 


quickly added. The solution immediately turned brown- 
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black, After stirring 1.5 min at room temperature, eth- 
anol (ca. 0.7 ml) was added and the mixture was stirred 
for an additional 30 sec. The solution was decanted into 
cold (0°); stirred “ether” (20 m1) “and” the black tar remain-— 
ing in the flask was washed with ether (3 x 5 ml). The 
combined ether solutions was filtered to remove the brown 
precipitate. The light brown filtrate was quickly washed 
wathwdriute™ aqueous hydrochloric acid (1.0 Ms 2 7x=o ml) 
and with aqueous sodium chloride solution (50% saturated; 
2x 5 ml). The solvents were evaporated and the residue 
was dissolved in methylene chloride (10 ml) and dried 


(anhydr. Na.SO Removal of solvent and filtration of 


2D 4)° 
the resulting light-brown solid on silca gel (1.0 g; 58% 


ethyl acetate--benzene eluent) afforded pure 194 as a 
white solid. 


Micld se .5 74 emg; 93%. 
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nmr (CCl),): ae O63 Get, J=ladel2, pl); Rom z20) Gs 2b) ee 


72900 (mp4) (8 220=8 596 (mp el 4H) 2 oot mt CLCH.Co; 
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11-Formy1-2-oxoundecyltriphenylphosphonium Bromide (184) 


CET nnn UU att dnt aRS natn 


To 12-bromo-ll-oxodecanal (183; ca. 50 mg; 0.18 


mM) dissolved in dry benzene (1.0 ml) and dry heptane 
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(0.6 ml), was added a solution of triphenylphosphine (57.8 
mg; 0.220 mM) in dry benzene (0.6 ml) and dry heptane (0.5 
ml). During the reaction a heavy colourless oil settled 
oOuc of theesolution., The solution, maintained under, nitro- 
gen,,was stirred.at 62° for 2.5-hr, cooled, concentrated at 
room temperature to a viscous oil, and pumped out (2 days; 
0.01 torr). The crude phosphonium bromide remained as a 
colourless oil. As expected, the nmr spectrum showed the 
presence of some benzene and heptane. 
nmr (CDC1.,): T4205 2/9 (G,ed=0.6eHZy 1h) sh Ie 80-2). Oe imperd oH) ; 
4. Oded? Jali 5a0z Be) ele Odean a2) a 


(ion Zi wSerl0- Oe AL Om alae 


Cyclododecenones and Cyclododecanone from Phosphonium 


Salt 184 


a) Experiment 1 

A solution of the phosphonium salt 184 (prepared 
from ca. 11 mg of bromo aldehyde 194; 0.040 mM) in dry 
methanol (2 ml) was diluted with dry toluene (20 ml), 
cooled under nitrogen to -78°, and treated with methanolic 
sodium methoxide solution (0.0100 M; 3.17 ml; 0.0317 mM). 
After slowly warming to room temperature, the solution was 
further diluted with dry toluene (18 ml). The solution 


was slowly distilled through a spinning-band column until 
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18 ml of distillate had been collected. (The purpose of 
the distillation was to remove the small amount of methanol 
present.) The remaining solution (25 ml; ca. 1-3 x ile: M 
in "phosphorane") was heated at reflux under nitrogen for 
100 hr. Following concentration to 3 ml by careful spinning- 
band distillation (1 atmosphere), the reaction solution 
was diluted with pentane, cooled to 0°, filtered, and 
Feconcentrated. Gipc=-mass spectral analysis (Carbowax 
20m) of the crude product showed the presence of three 
cyclododecenones A, B, and C, each exhibiting a molecular 
ion at m/e 180. Benzyl alcohol, benzaldehyde, and 1,2- 
diphenylethane contaminated the cyclization products. 
These by-products were identified from their mass spectra. 
For a quantitative analysis of the three cyclo- 
dodecenones, tetradecane (0.307 mg) was added to the con- 
centrate. Authentic trans-2-cyclododecenone was synthe- 
sized by the method of Nozaki and coworkers.°° The cyclo- 
dodecenone isomer C and trans-2-cyclododecenone exhibited 
identical mass spectra and identical retention times on 


glpc (Carbowax 20m, UCW-98, Reoplex). The results are 


sunmarizea in Table 2, 


b) Experiment 2 
The procedure employed was largely the same as 


that described for Experiment 1. After removal of the 
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methanol by spinning-band distillation, the toluene solu- 
tion (2.9 x 10 ¢ M) contained approximately 0.011 mM of 
"phosphorane", The solution was then degassed (3x), 
sealed in a 100-ml Carius tube, and heated at 200° for 
100 hr. Work-up and product analysis were by the same 
methods as outlined for Experiment 1. The results are 


summarized in Table 2. 


c) Experiments (1,H,) and (2,H,) 

Each reaction concentrate, containing tetrade- 
cane, was hydrogenated (1 atm H,) in ethyl acetate (4-5 
ml) over 5% palladium on charcoal (20-25 mg). After 24 
hr, each mixture was filtered and the catalyst was washed 
with ether (4 x 1 ml). The combined filtrate and washings 
was concentrated to 2 ml by spinning-band distillation. 
Glpc analysis indicated that the cyclododecenone isomers 
A, B, and C were not present. In their place was cyclo- 
dodecanone (identical to authentic cyclododecanone based 
On mass spectrometry and glpc). The overall yields of 
cyclodecanone from the cyclization (Experiments 1 and 2) 
and the hydrogenation [Experiments (1,H.) and (2,H,)] 


steps are summarized in Table 2. 
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4,6-Cycloheptadiene-1,3-dicarboxylic Acid (210) 


Sodium amalgam (3%) was prepared according to 
the procedure in reference 10lb. 

3,5,7-Cycloheptatriene-1,3-dicarboxylic acid 
(201; 10.53 g; 58.6 m4), prepared by the method of Vogel 
and coworkers, 77> was dissolved in aqueous sodium hydrox- 
POeusOlutc ton (0.970 My L2.eml; 11/7 mM). ) into the homo- 
geneous solution was mixed an aqueous sodium acetate solu- 
e1on) (15.5 9 Sodium acetate; 35 mi H,O). Sodium amalgam 
(33 Na by wt; small pieces; 220 g; 288 mM) was slowly 
introduced, in small portions (10 g; 13 mM) over ca. 2 hr, 
imto=the vigorously stirred, cold (0-5°) solution of the 
dicarboxylate salt. Immediately after the addition of 
each 10 g portion sufficient aqueous acetic acid (50% by 
vol) was added to maintain the pH of the mixture at 8. 
[During the initial stages of the reaction, the theoreti- 
cal amount (ca. 1.5 ml) of aqueous acetic acid was required. 
The pH of the solution could not be held constant at 8.0 
but rather it varied between 7.5 and 9. As the reaction 
proceeded though, gradually less acetic acid was necessary 
and the pH could be more easily maintained near 8.] An 
additional quantity of amalgam (60 g; 78 mM) was added all 
at one time. The mixture was stirred 1.0 hr during which 


the pH was controlled at 8 by the occasional addition of 
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one or two drops of aqueous acetic acid. The liquid was 
then decanted, washed with pentane (2 x 60 ml), and acidi- 
fied§toepH 1. 0.with cold aqueous sulphuric acid, (202 by 

wt; Ca. 85 ml). After standing for several hours, the 
white precipitate (210) was collected by filtration and 
washed with cold (5°) water until the washings tested at 
pH 3. The filtrate and washings were combined, saturated 
with sodium chloride, and extracted with ether (6 x 80 ml). 
The combined ethereal extract was washed with cold (5°) 


Waten (Sex eo0emlL) |, —crled  (anhydr., MgSO and stripped of 


we 


solvent to give more 210 as a white solid. The two lots 


NAN 


of 210 were combined. The product was pulverized and dried 
under reduced pressure (0.01 torr; 40°). 
Yield: 10.44 g; 98%. 
ir (KBr): 3600-2000 cm? (bs); 1680 (bs); 1232 (bs); 
2 SURES) vs 
nmr: The sample was prepared by suspending 210 Ase D0 
(0.5 ml) and adding the minimum amount of a D,0 
solution of NaOD to effect complete dissolution of 
the dicarboxylic acid. The pH of the solution was 
6. An external standard of tetramethylsilane was 


sede ct. 4700=4.40 (m,) 4h) 650-6 Sonim, 22); 


7v44—0 53° (NUH). 


eS 
ees 


ny 
anw Biupit ed file olteod arOStip: 
~ibtos bas , (im 08 * y Sasineq ath oo) sanee 
vd #05) Bios oLaunghse asOOK PE ni datw 0. Hq o: 
ed? ,eivod Le1evee 203 patbunde westk i a 
Bas pmoigerslit yd bassellon beiead {Oks} saps ay 
$s betess apnidesw art Casta 188" (22) bhos AEG 6 * 


ss 
hedeuncdee beridmob oxen. abaitiess hi ag exd LP edt ad ig 


, 
eae | 


(im 88 x 0) 16039 Giiw betoazsxe bas obi todo ante atiw : 


‘€) bilon Atiw Bbedesw esw Joattxe idatedie pentanoa a 7 

io beggixve bas , (,0eph ,abydas] Seixb ,(im 08 x £) = 

s3cl ows oat .btloe stidw 5 es 01 stom evig oF ee 
baivh es bestteviog esy touboig en? -benidmos STOW. 088, 30) 

«(*00 ,xz0? 10.0) sxeeestg beoubes 0 ; cacti 

| /82@ ip BB.OL ‘bieie 

: (ed) SESE y tam) 088L :(2a) “mo ooos-o09e (am) a * 

. (ed) cast , _ ; 

Od me Os$ gaibnsgase yd beisqge1g aw algmas ent 2am : 


_ 


0,0 4 fo tevogs muminim eit pathbs Cas. (Lm a. oO) ; 
° 


7 7 


to sotspyioest&. epee sostis of Gosh Fo hag ; 

enw nozop ior sn to Ha oT sblor ral ner’ bene 

eee snettattysaman ses is brnbasde Lease nd 4 TD 
= (aS “m) ered (Ht mx) 00.2-00.8 a Rate 


oe - 
8 ya) 


’ 8 a 


244. 


4,6-Cycloheptadiene-1,3-dicarboxylic Anhydride (215) 


~~ we 


A mixture of cis-, and trans-4,6-cycloheptadiene- 
Py 3-dicarboxylic acid” (210; 4540 "gq; 2457 mM) “was “added “in 
Oone*portion to avstirred, hot (1200=105°) mixturevot tacetic 
anhydride (20 ml) and pyridine (2 ml). After stirring 
for 20 min at 100-105°, the solution was cooled and the 
solvents were removed at room temperature under reduced 
pressure (ca. 0.02 torr). The brown solid residue was 
pulverized to a coarse powder. Dry xylene (15 ml) was 
added and after brief stirring was removed at 30° under 
reduced pressure. To ensure complete removal of acetic 
anhydride and pyridine, trituration with xylene and eva- 
poration were repeated. The powder was then washed with 
pentane (3 x 10 ml) and sublimed (60-65° at 0.02 torr) on 
Lo.a .cold.finger. (-10°) ,to.give 215 as a white crystalline 
solid (mp 84.8-86.0°; recrystallized from ether). 
Vieldste 35240q;7 ¥808% 
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cis-4,6-Cycloheptadiene-1,3-dicarboxylic Acid (214) 


A solution of thesenhydride 215 “0%330 gp. 2,01 


mM) in purified tetrahydrofuran (5.0 ml) and water (1.0 
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ml) was heated for 8 hr at 65°, cooled, and concentrated 
at 30° under reduced pressure to a white solid which was 
dried for 3 days at reduced pressure (0.01 torr at room 
temperature). mp 285-290° (decomposition); recrystallized 
from ether--hexane. 

Velde ses 6650-2002, 


analysis: calcd. for CoH, 994? Ce Dees 3 Ceti pe ot ae 
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Dimethyl cis-4,6-Cycloheptadiene-1,3-dicarboxylate (213) 


Temthe idicarboxy iirc taevdeZ T40 COsLO0Rg 20 S550amM) | 


v~w 


suspended in cold (5°) ether (2 ml), was added (dropwise) 


methanol until all 214 had dissolved. After rapid treat- 


~~nww 


ment with an excess of ethereal diazomethane, the solution 
was stripped of solvents and of excess diazomethane. The 
Oil was diluted in methylene chloride (2 ml) and dried 


(anhydr. Na,SO,). Removal of solvent afforded 213 as a 


vw 


colourless oll. 
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Dimethyl 4,5-Epoxy-6-cycloheptene-1,3-dicarboxylate (227 


~w~w 


~~~w 


and 228) 


A solution of 214 (2.00 g; 11.0 mM) in methylene 
chloride (100 ml) and dry tetrahydrofuran (20 ml) was 
treated at room temperature under nitrogen with m-chloro- 
perbenzo1e-acid (S5002;"2563G;? L279) BAiter stirring 
for 24 hr, the solution was cooled to 0° and esterified 
using an excess of dry ethereal diazomethane. The sol- 
vents were removed (20°; 20 torr) and the residue was 
diluted with methylene chloride (30 ml) and dried (anhydr. 
Na,SO,). Removal of solvent then afforded a mixture of 


227, 228, and methyl m-chlorobenzoate as a colourless oil. 
nmc (@L00 si (MHZ; CCl,): Tee PhO 2590 ees FO ae (nee 
Dib) eG 1 OS) eG oe = G4 a Cas Oil); 
ovda—-7.25' (m, 4H) F/sS0-8 23h" (mM, 
aso | Nala i (CH30.,C, epoxide A) 6.35 
(s)"Pand 6.4) Us)? et (CH,CO, ¢ 
epoxide B) 6.36 (s) and 6.42 (s). 
203) $6.41 “(sy 


43 (CH,CO,, 


Methyl 4-Methy1l-7-0x0-6-oxabicyclo[3.2.2]non-2-ene-9- 
carboxylate (233) 


This experiment was performed by Dr. H. Yamamoto. 


In preparation for the reaction, all traces of 
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water were removed from the monoepoxides 227 and 228 by 
‘coevaporation with dry xylene under reduced pressure at 
BUR 

Torna Stirredssuspension oradriedatsureracaZ0atore 
form] 5vhr)ercuprousmiodide’ (4.18 Gg; 22.0 mM) in dry ether 
(200 ml) at -30° under nitrogen was added a hexane solu- 
tion, Orsmethyllithium (1766 M; 26.5 ml; 44 mM) over 10 
min. During the addition the ether mixture first devel- 
oped a yellow colour, which disappeared in the end to 
aiford a pale grey (or tan) solution,” The) solution of 
lithium dimethylcuprate was stirred at -30° for an addi- 
tional 30 min. Then a solution of the crude monoepoxides 
227 and 228 (prepared from 11.0 mM of 214) in dry ether 
(ZO0iml)Swas! antroduced over ca. 5 min. The resulting yel- 
low suspension was stirred at -20° for 1.25 hr before 
quenching with saturated aqueous ammonium chloride solu- 
tien. (125 mL The reaction mixture was stirred for 10 
min at 10-20°, the ether layer was decanted and the 
aqueous layer was extracted with ether (4 x 75 ml). (The 
colourless aqueous layer rapidly became deep blue when 
exposed to air.) The combined ethereal solution was 
washed with saturated aqueous sodium chloride solution 


(2x 50 ml), stripped of solvent, diluted with methylene 


Chloride (30 ml), and wdmied se (anhydr. Na,SO,). Evapora- 
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tion of the solvent, followed by chromatography of the yel- 
flow ~esidue onssilicie acid (125 gq; 14% efher in benzene 
eluent), afforded the desired lactone (ca. 0.80 g; 37%) as 
a white solid. Pure 233 was Obtained by recrystallization 
from cyclohexene (mp 64-65°). 
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1,4-Cyclohexanecarbolactone (244) 
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This compound was prepared by Dr. G. O. Spessard 
according to reported methods. Thus Catalytic hydrogena= 
tion (35-57 psi Hoi 95% ethanol; 5% rodium on alumina) of 
ethyl p-hydroxybenzoate,""** followed by saponification, 
afforded a mixture of cis- and trans-4-hydroxy~1-cyclohex- 


anecarboxylic acid. Lactonization under the influence of 


hot acetic anhydride and pyridine and sublimation of the 
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crude product gave 244 (mp 125-6°; recrystallized from 


LL2b pe 


hexane; lit Mp i261 26-7 126.) 


cis-4-Hydroxymethylcyclohexanol (245) 


~~~ 


Aecold (5°) solution or plactone (244. (0 hy 6g, 

1.40 mM) in dry tetrahydrofuran (10 ml) was treated under 
nitrogen with a tetrahydrofuran solution of lithium alum- 
inum hydride (0.67 M; 3.0 mi; 2.01 mM). The mixture was 
stirred for 10 hr at reflux, hydrolysed with aqueous tetra- 
bydvoturan (5 mi, containing 0233 ml H,0), and filtered 
through Celite. The solid was thoroughly triturated with 
tetrahydrofuran (4 x 10 ml). The filtrate and washings 
were combined, concentrated to an oil, taken up in chloro- 


form (L0iml), and drved (anhyvan., Mgso Removal of sol- 


4)° 
vent gave 245 as a colourless liquid. 


~~~ 


fre (ene. 3608 cm ~ (m); 3460 (bm); 1019 (m); 978 (m). 


3): 
Dire (EDCln) 2 5.97 (bm, MH) 796.48 (bm 2h) 8 2tei sy 2): 


Sas) (bn y 9H). 


cis-4-Hydroxy-1l-cyclohexanemethyl p-Toluenesulphonate (246) 


In preparation for the tosylation reaction, 


traces of water were removed from 245 by coevaporation (2x) 


Nw 


with dry pyridine. 


A solution of diol 245 (prepared from 1.4 mM 
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244) and recrystallized p-toluenesulpnony! chloride (0.257 
G7p oo mM) ine dry pyridine (7 ml) was stored: at.0 = Lor 

24 hr, concentrated (room temperature; 0.02 torr) to ca. 
0.5 ml, transferred into cold (5°) aqueous hydrochloric 
acid (7% by wt; 8 ml) and extracted with cold (5°) methyl- 
ene chloride (3 x 7 ml). The combined extract was washed 
SuCccessively with cold aqueous hydrochloric acid (7%; 

3 x 6 ml), water (2 x 6 ml), and aqueous sodium chloride 
solution (50% saturated; 6 ml) and then dried (anhydr. 
Na,SO,). 


acid (21 g; chloroform eluent) afforded the pure» mono- 


Removal of solvent and chromatography on silicic 


“tosylate 246 as a white solid (mp 41.5-43.0°; recrystal— 
fized from ether). 
Yield: 0.289 °g; 73% from 244. 
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SH PP Sas2S, BL) Saye (bm eon). 


cis-4-Iodomethylcyclohexanol (247) 


This experiment was performed by Dr. G. Spessard. 
A mixture of monotosylate 246 (0.5160 g; 0.563 
mM) and anhydrous sodium iodide (0.503 g; 3.36 mM) in dry, 


purified acetone (3 ml) was refluxed for 20 hr under nitro- 
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gen. After cooling, the solvent was removed under reduced 
pressure. The residue was taken up in chloroform (20 ml), 
waShed with aqueous sodium chloride solution (50% saturated; 
HOemE);. dried (anhvdr, MgSO,), and concentrated to a yel- 
low oil which crystallized upon standing. The crude iod- 
ide was sufficiently pure to use for the preparation of 

248. 

Yield: » 7/4 *mqs**59s% 

ir (CC1,): 3610 cm > (m), 3460 (bm); 967 (s); 912 (s). 

nmr (CDC1,): vt 6203 SCbniy EH )i oes. (on, 62H) ewe S42 Cs, wii: 


S240 (bm; 9H) 


cis-4-Methylcyclohexanol (248) 


This experiment was performed by Dr. G. Spessard. 

A solution of the hydroxy iodide 247 (70. 61mg; 
0.295 mM) and sodium cyanoborohydride (85 mg; 1.3 mM) in 
dry hexamethylphosphoramide (1.7 ml) was heated at 60-65° 
for > hr and at 70-75° for 24 hr under nitrogen.” Arter 
cooling, the brown solution was diluted with water (10 ml) 
and extracted with ether (4 x 10 ml). The combined extract 
was washed with aqueous sodium chloride solution (50% 
saturated; 2 x 10 ml), dried (anhydr. MgSO,), and concen- 
trated to give crude 248 as a yellow oil. The nmr spec- 


trum showed little impurity. 
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Yield: ca. 300M 76895. 
‘ir (CHC1,): 3602 oie (Ai Same tisane Occ Wee 
nmr (CDC1,): 1 6.07 (bm, 1H); 8.07 (s, 1H); 8.56 (bm, 9H); 


9.08 (ill-defined doublet, 3H). 


5,7-Bis (hydroxymethyl) -2-methylcyclohept-3-en-l-ol (250) 


~~w 


A solution of the lactone 233 (0.992 g; 4.71 mM; 
recrystallized from cyclohexene) in dry tetrahydrofuran 
(10 ml), maintained under nitrogen, was treated at 0° with 
a tetrahydrofuran solution (0.64 M; 25.0 mi; e166 50) mi) of 
lithium aluminum hydride. After stixring for 20.hr ac 
reflux, the white mixture was cooled to 0°, diluted with 
dry tetrahydrofuran (15 ml), and hydrolysed by cautiously 
adding aqueous tetrahydrofuran (13 ml; containing 3.0 g 
water). The mixture was then stirred at room teinperature 
for 1.5 hr and filtered under vacuum through celite. The 
collected solid was thoroughly washed with dry tetrahydro- 
furan (4 x 20 ml). The combined organic solution was 
stripped of solvent, dissolved in methanolic chloroform 
(le iby vol: 75 ml), and dried yCanhydr, MgSO,-Na,SO j; Ages 
by wt). Removal of solvent gave the tra0leas a colourless 


glass. 
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2-Methy1-5,7-bis (p-toluenesulphonyloxymethy1) cyclohept- 


-3-en-l-ol (251) 
In preparation for the reaction, trace amounts 
of water were removed from triol 250 by coevaporation with 


ywe 


dry pyridine (2 x 10 ml). A solution of 250 (prepared 
from 4.71 mM 233) and p-toluenesulphonyl chioride (1.811 
g; 9.51 mM) in dry pyridine (12 ml) was stored at 0° for 
25 hr. The mixture was concentrated at 20° under reduced 
pressure to Ca. 5 ml, poured into cold (5-10°) aqueous 
hydrochloric acid (7% by wt; 20 ml) and extracted with 
ether (4 x 15 ml). The combined extract was successively 


washed with cold (5-10°) aqueous hydrochloric acid (7%, 
2a US ml)5 water (2.x 10 ml) and aqueous soditumechior— 
ide solution (50% saturated; 10 ml). The ether was then 
stripped off and the residue was taken up in methylene 


chloride (20 ml) and dried (anhydr. Na SO,). After eva- 


2 
poration of the solvent the oily residue was quickly chro- 
Matodrapned on Ssilicicyacid) (120 g;, chlorotorm-—carbon 
tetrachloride eluent) to give pure 251 as an oil. 

Viola: 1.74 9g; 7o¢etrom 233 (nmr ystandardization). 


1 (bm); 3034 and 3012 (m); 1599 (m); 


ir (CHC1l,): 3570 cm 
1360 (Ss) s.ll78 sand 1190 3(s)-. 

nmr (CDC1,) : ¢ 2,10=2.86 (m, SH): 4.41-4764. (m, 2H); 
5.86-6.39 (m, 3H); 7.30-8.40 (m, 10H); 8.70 
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Mass SspeCCCLUMNs = Calcd. Lor C1 7H 50,5 (251.-TSOH) 7322. 1209. 


meas. m/e: 322.1245, 


2-Methy1-5,7-bis (p-toluenesulphonyloxymethy1) cyclohept-3- 


en-l-yl Benzoate (252) 


Compound 251 (O9A49o 7. om) Sinedry, pyridine 
(6 ml) at 0° was treated with distilled benzoyl chloride 
(ORS 367g 9S o25mM) = eihessolucions was stored, for 24.hr at 
=5) to 0°) poured’ 1nto cold (5-102) iaquecushydrochioric 
acid (7% by wt; 20 ml), and extracted with benzene--pentane 


(d:l by vol; 4 x 15 ml). The combined extract was washed 
Withecolds (5-10°) aqueous hydrochloric acid (2 x 15 mi), 


water (2 x 15 ml), and aqueous sodium chloride solution 
(50% saturated, 6 ml). The solvents were evaporated and 
the residue was taken up in methylene chloride (30 ml) 

and dried (anhydr. Na,SO,). Removal of solvent and rapid 
chromatography of the resulting oil on silicic acid (25 g; 
chloroform--carbon tetrachloride eluent) furnished the 
desired benzoate 252 as a colourless oil. 

Yield: 1.03 g; 90% (nmr standardization). 
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2-Methy1-5,7-bis (iodomethy1) cyclohept-3-en-l-yl Benzoate 


(259) 


TO-a solution. of 252 (04237935047 067 mM). in dry 
acetonitrile (3.3 ml) containing some mercury (triply dis- 
tilled; ca. 1.9 g), maintained under nitrogen, was added 
anhydrous lithium iodide (0.495 g; 3.70 mM). With effici- 


ent stirring to disperse the mercury, the reaction mix- 


ture was heated to reflux, stirred at reflux for 18 min, 


and cooled to 0°. The mixture was then decanted from the 
remaining mercury into aqueous sodium thiosulphate solu- 
tion (10% by wt; 15 ml) and was extracted with ether (4 x 
8 ml). The combined extract was washed with aqueous 
sogium thiosulphate solution (10%; 2°x 520 ml)|7 water (27x 
10 ml), and saturated aqueous sodium chloride solution 

(8 ml). The solvent was evaporated and the residue was 
taken up in methylene chloride (15 ml) and dried (anhydr. 


Na SO,). Removal of solvent and filtration of the result- 


2 
ing pale yellow oil through silicic acid (20 g; 10% chlo- 
roform in carbon tetrachloride eluent) gave the pure diio- 
dide 255 as a pale yellow oil. 

Yield: 0.332 g; 92% (nmr standardization). 
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2,5,/7-Trimethylcyclohept-3-en-l-yl Benzoate (258) 


ww 


The diiodide 255 (0.332 g; 0.650 mM) ,dissolved 
in dry dimethoxyethane (1.4 ml) and under nitrogen, was 
treated with sodium cyanoborohydride (not previously puri- 


fied; 473 mg; 7.53 mM). (Sodium cyanoborohydride was 


observed to be extremely hygroscopic.) The brown solution 
was stirred and dry hexamethylphosphoramide (1.12 ml; 1.15 
g; 6.42 mM) was introduced via syringe. After stirring 
for 38 hr at 75°, the solution was cooled, transferred 
into water (15 ml), and extracted with ether (3 x 10 ml). 
The combined extract was concentrated to ca. 1 ml, diluted 
with benzene--pentane (1:1 by vol; 15 ml), and washed with 
water (2 x 5 ml) and sodium chloride solution (50% satu- 
rated; 5 ml). The organic solution was: stripped of sol- 
vent and the residue was taken up in methylene chloride 
(15 ml) and dried (anhydr. Na5SO,). Removal of solvent 
gave the crude product as an oil. Glpc analysis (UCW-98) 
indicated that 258 composed ca. 75% of the crude product. 
Three by-products, the benzoate of 260 and two unknown 
compounds, were present, each with a longer retention time 


than 258 and each making up ca. 8% of the crude product. 


~~ww 


_ . - (HE ere 
es wer a > Vira cow gaat 


asw uepotein asbay bis (im. et 
~biva ylevoivesa ton) abbxbydexodonsys tie ee 
esw ebtxbytozodonsys mulbos) «(Mm £2.0 ipa exe bese 
soigutoe aword ad? ( dkgooeoxpyd qlomexd%s od od bevisedo 
et. gkm SicL) sbimptedqseodgiydsomsxed. y25 sie pean 
gabztide xsd2A .epatsye wiv beovboxtat pce on ieee 
hetzetensrt \beloom> esw acituloe sds ay on ik 86 x02 
(im Of x €) sedts, ieiv bejosxtxe bas , (im €L) “z936w y sank 
‘peseteb Im lL .69 oF basexsasvnes ssw soBTIxS ‘petstdnos: ert 
foiw bedesw bas \ (fm @f sfov ya 1:2) eoasaag-ononaed sik 
-udse #02) aolsuloe ebizolds muiboe bus (im ex a San 
-loz to boagiade esw soituloe oinsgx0 ent toe bates 
sbizolit enetyttem ni qe noisy ssw subiess edt Bas 
onevioe 10 tsvomak .(,08,6h .abydast ci) oo ale 
(G-WOU). eeeyiens.ogf Lic na @s teubcag sbuso SBd Svay” 
_doubosg Shure ed Yo #20 .29 Deaognos ee tee Sac eteeie 
| tng 20 asecaned at sesnibone seus 


Os 


Yield: 0.625 mM of crude mixture; 96% (nmr standardiza- 
tion). Ca. 0 -477 MR ase Seay 2s. 


2,5,7-Trimethylcyclohept-3-en-l-ol (259) 


APSOluE Von Of crude 258 (Ca. 52 mg" as pure 258; 
0.202 mM) in dry methanol (1.5 ml) was treated with a 
solution of sodium methoxide in dry methanol (0.840 M; 
2.50 ml; 2.1 mM). The solution was refluxed under nitro- 
gen for 17 hr, cooled, and poured into dilute aqueous 
Mydrocnilorre acid (1.0 M, 2.1 ml, 2,1 mM). The aqueous 
layer was saturated with sodium chloride and extracted 
with methylene chloride (4 x 3 ml). The combined extract 
Was concentrated cautiously at U° to ca. 0.3 ml. After 
diluting the concentrate with methylene chloride (8 ml) 
and drying (anhydr. Na,SO,), the solvent was again cau- 
tiously removed at 0°. Chromatography of the residue on 
Silicic acid (2.5 g; 20% chloroform--carbon tetrachloride 
eluent) afforded pure 259. [The composition of chromatog- 
raphy fractions was determined by glpc analysis (UCW-98). 
Those fractions containing pure 259 were pooled and con- 
centrated by careful spinning-band distillation. ] 

Yield: 22 mg; 71% (nmr standardization). 
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mass spectrum: m/e 154 (P). 


2,5,7-Trimethylcyclohept-3-en-l-yl Acetate (261) 
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Trimethylcycloheptenol 259 (ca. Ont 2g 3. 0:66 
mM) was diluted with dry benzene (2 x 2 ml) and cautiously 
concentrated at 10°. A solution of 259 and acetic anhy- 
CElde ACO 20 Gel oy al ei anya pvicicdiness(. som niieiewa Ss 
heated acu/o° Under nitrogen tor 20 Nr Arter cooling, 
the solution was transferred into dilute aqueous hydro- 
chloric acid (7% by wt; 14 ml) and extracted with benzene-- 
pentane (l31 by vol; 3 x 10 ml). The’ combined extract 
was washed successively with dilute aqueous hydrochloric 
acid (7%; 2 x 10 ml), aqueous sodium bicarbonate solution 
(50% saturated; 5 ml), water (10 ml), and finally satu- 
rated aqueous sodium chloride solution (5 ml). After 
drying (anhydr. Na,SO,), the organic solution was care- 
fully concentrated by spinning-band distillation to ca. 
2 ml. The concentrate was then flash-distilled (pot 


temp 60 to 100°; 0.4 torr) to afford the desired acetate 


as a colourless liquid. Glpc analysis (Reoplex) showed 
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the product. to be atleast 95% pure. 
Yield 0elI5 09 189% (nmr standand watiion) . 
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(overlapping doublets, 6H). 


mass spectrum: meas. m/e 136 (P-CH.COOH). 
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3-Acetoxy-2,4,6-trimethylheptanedioic Acid (262) 
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A solution of the trimethylheptenyl acetate 261 
(On Sag se 0. o.90 mM ein tert-butanol (40 ml) was intro- 
duced into an oxidizing solution (pH 8.5) consisting of 
aqueous potassium permanganate--sodium periodate solution 
(0.0975 M NaIo 


0.0025 M KMn0 jj 710. Oo mi 7. OO LRM Oxicaant)., 


4? 
water (140 ml), anhydrous potassium carbonate (1.24 g; 
8.97 mM), and tert-butanol GIO Rind vw otdsk ogee tenon 
temperature was initiated. After 50 min reaction, preci- 
pebate began to form. After stirring 1or 20uhn, the: red— 
purple solution was acidified to BH 3.5 with aqueous sul- 
PhUELC acid (10% by wt). Solid sodium bisulphite was 
slowly added to reduce the remaining oxidant. During this 
addition the solution first became colourless, then dark 
brown and finally yellow. The acidity of the solution was 
then adjusted to pH 8.0-8.5 with aqueous potassium hydrox- 
ide (8.5% by wt; ca. 35 ml). The colourless solution 


was concentrated at 35° under reduced pressure to ca. 60 
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Ni weeer ter raising the alkalinity to vo 9=9.5 with aqueous 
potassium hydroxide solution (8.5% by wt), the now yel- 
lowish concentrate was washed with ether (2 x 40 ml), 
aeLoLeved, to pH lO with aqueous sulphuric acia 108 by 
wt), carefully saturated with sodium chloride (sulphur 


dioxide from excess sodium bisulphite was evolved), and 
extracted with chloroform (5 x 40. ml). (Subsequent con- 
tinuous extraction of the aqueous layer with ether afforded 
Only lO mg Or the desired dicarboxylic. acid 202.) «lhe 
combined chloroform extract was concentrated to 20 ml, . 
washed with aqueous sodium chloride solution (50% satu- 
rated: 3 x 8 ml), and stripped of solvent. The residue 
was diluted in methylene chloride (20 ml) and dried (an- 
hydr, Na,SO,). Evaporation of solvent gave pure 262 as 
ascrystallinesso#id (mp i) LL0 ~l=11140° ; recrystallized tirrom 
ether--pentane). 
Yel ie e0' 50 ect 69.8 Siz 
ir (CHC1,): 3600-2400 cm (bm); 1735 (m); 1710 (s); 
1240-1210 (bm). 
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Signal for the last proton is pro- 
bably buried in the absorption at 
Tee 200-66 20F 
mass spectrum: calcd. mass for C35 H4 9% : 200 Le OU. 
meas. m/e; 260.1255. 
anablysis:s calcd. for Cy 5H 9%: CPO Deon aarp oat 
Zoybhoveles Wer spc tela Yok 


5-(1-Carboxyethyl)-2,4-dimethylpentanolide [(+)-32] 


ASsolucion of 262 (13.5 mg; 0.052 mM) in methan- 
olic sodium methoxide solution (0.5 M; 0.75 ml) was 
brerluxed for 3.5 hr, cooled.) diluted with water (2.0 ml); 
and acidified with concentrated hydrochloric acid (3 
drops) to pH Ty Or "Atter<stirring for 20emin, the solwcion 
was saturated with sodium chloride and extracted with ether 
(4 x 3 ml). The combined ethereal extract was washed with 
aqueous sodium chloride solution (50% saturated, 2 x 3 ml), 
concentrated to ca. 0.5 ml, diluted with methylene chloride 
(Semi), mand dried (anhydr. Na,SO,). Removal of solvent 
and chromatography of the resulting oil on silicic acid 
CPestagreltemethanolic chilorotorm eluent)” gave the pure 
lactone acad (+) -32 as a crystalline solid (mp 112-113°; 
recrystallized from ether--hexane). 

Yield: 8.8 mg; 85% (nmr standardization). 
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1382 (m); 1189 (m); 1100 (m). 
nmr (100.1 Hz, CDCl,): 1 1.30 (bs, 1H); 5.42 (dd, J=2.4, 
10 Hz, 1H); 7.26 (qd, J,=7.1 Hz, 


Jo=204 02, 1H) cay Lo) (mph); 
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Bicyclo[4.2.1l]nona-2,4,7-triene (263) 


This experiment was performed by Dr. P. Rossy. 

An abbreviated account of the preparation of 
triene has been reported by Garnel?, +2 A more detailed 
description of reaction conditions is recorded below. 

The pyrolysis of norbornadiene dimer was carried 
out in a flow system consisting of a column (1.0 cm i.d.) 
packed with glass beads (3 mm diameter; 17 cm height). 
The temperature was monitored using a chromel-alumel ther- 
mocouple, sheathed in stainless steel and inserted directly 
into the packed bed. A slow, constant flow of nitrogen 
(ca. 20 ml/min) was passed downwards through the bed and 
through the receiving flask (-78°). The pyrolysis bed 


was heated to 450 + 5° and norbornadiene dimer (Aldrich 
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Chemical Co.; 290 g; 1.73 mole) was introduced, by means 
of a Hershberg dropping funnel, at a slow, constant rate 


(Idrop every 5-98 sec; ca, 10 mi vevery 60-80 min) into 
the nitrogen stream at the top of the pyrolysis column. 
(The purity of the triene 263 was greatly affected if the 
rate of addition of the dimer had not been relatively 
constant.) The condensed effluent was concentrated (20°, 
20 torr) to remove cyclopentadiene and fractionally dis- 
tilled with a spinning-band apparatus to afford pure 263 
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(bp 83-84°8at 47-48 torr; it 
progress of the distillation was followed by glpc (Reo- 
plex). 
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exo-Bicyclo[ 4.2.1]nona-2,4-dien-7-ol (274) 


v~we 


The procedure outlined by Brown and coworkers! 7° 


was followed for the preparation of di(isoamyl)borane. 
Thus a solution of 2-methyl-2-butene (15.79 g; 225 mM) in 
dry tetrahydrofuran (30 ml) was added dropwise over ca. 
20 min to a stirred, cold (5°) solution of borane in tet- 
rahydrofuran (1.03 M; 108 ml; 111 mM), maintained under 


a nitrogen atmosphere. The solution of dialkylborane 
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264. 


was stirred for 3 hr at 5° and then was added dropwise, 


over 35 min, to a cold (0-5°), stirred solution of bicyclo- 
(ance) NOna—2),.4, 7—trvenes( 26376 125,90) gj, sl09 mM) an dry 
tetrahydrofuran (35 mil). The solution was stirred for 2 
hr at 0-5° and for 20 hr at room temperature. The reac- 
tion mixture was cooled to 0-5° and hydrolysed by first 
adding aqueous sodium hydroxide solution (3.0 M; 43 ml; 
129 mM) in several portions and then aqueous hydrogen per- 
oxide (9.05 M; 38 ml; 343 mM). The hydrogen peroxide was 
added at such a rate as to maintain the temperature of the 
reaction mixture between 30-40°. The resulting cloudy 
mixture was vigorously stirred for 2.0 hr at room temper- 
ature and then extracted with ether (2 x 75 ml). The com- 
bined extract was washed with water (75 ml) and saturated 
aqueous sodium chloride solution (75 ml), concentrated to 
ca. 30 ml, diluted with methylene chloride (200 ml), and 
dried (anhydr. NajSO,). Evaporation of the solvent left 
an oil which was fractionally distilled to give 274 as a 
low-melting crystalline solid (bp 78-81° at 0.3 torr). 
Glpc analysis (Reoplex, 180°) indicated 274 to) be ca. 90% 
pure. 

Vield 5410.4 97 90S snure+.63¢eas 274. 
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Bicyclo [4.2.1 ]nona-2,4-dien-7-one (275) 


aN nN 


Aluminum tert-butoxide was prepared by the pro- 


Gedure reported in “Organic Syntheses", +4? 


Commercial p- 
quinone was purified either by sublimation or by recrystal- 
lization from Skelly B. The procedure for Oppenauer oxi- 


148a and) by Bly and Byer 


dation outlined by Wiberg et al. 
was adopted with certain modifications. 
To a solution of the exo-alcohol 274 (95% pur- 


_yww 


PU ees eee et MN as 274) and p-quinone (10.4 Gg? 96.3 
mM) in dry ether (200 ml), maintained under nitrogen, was 
added a solution’ of aluminum tert-butoxide (5.93 g; 24.1 
mM) in dry ether (100 ml). When heated to reflux, the 
solution quickly developed a deep purple colour anda 
precipitate. After 40 hr reflux, the mixture was cooled 
to room temperature and carefully washed with aqueous hydro- 
chloric acid (3M, 6 x 100 ml), aqueous sodium hydroxide 
solution (5% by wt; 5 x 100 ml), and aqueous sodium chior— 
ide solution (50% saturated; 3 x 100 ml). The ether was 
removed (5° at 20 torr) and the residue was taken up in 
methylene chloride and dried (anhydr. Na,SO,). Evapora- 


tion of the solvent at 5° and flash distillation of the 
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pesiPeing yellow o1ligavesthe desired» ketone 27/5a(bp cay 
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60 “sat 0.5 torr) .wGlocvanalysice (Reon les) .Of scnetdis-— 
tilled ketone indicated the presence of some starting alco- 
hol (274 > ca. (102) oeFiltration ~ehroughysiliciceacid (47 


g; methylene chloride--pentane eluent) provided 275 free 
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of 274 and of ca. 98% purity (glpc analysis). (Whenever 
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275 was to be ultimately converted to the cis dicarboxylic 
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acid 214, it was not necessary to remove the small amount 
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8-Hydroxymethylenebicyclo[4.2.1]nona-2,4-dien-7-one (278) 


a 


This experiment was performed by Dr. G. Spessard. 
A (procedure similar Sto that’ described by Arms— 


worth??? was used. Ethyl formate was dried by distilling 


from phosphorus pentoxide. 


A solution of “275 9(6cee purity 2 9egs 47o6 m0 
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as 275) and dry ethyl formate (6.50 ml; 5.92 g; 80.0 mM) 
in dry ether (50 ml) was added dropwise over 20 min to a 
cold (0-5°), stirred suspension of sodium hydride (56% 
dispersion in mineral oil; 3.0 g; 70 mM) and ethanol (98%; 
0.5 ml; 8.3 mM) in dry ether (200 ml), maintained under 
nitrogen. The mixture was stirred at room temperature for 
21 hr and then treated with ethanol (98%; 2.5 ml). After 
an additional 1 hr stirring, the mixture was treated with 
water (50 ml). After approximately 5 min, two homogeneous 
layers formed. The mixture was further diluted with water 
(50 ml). The organic layer was decanted and extracted 
with water (2 x 100 Tse The combined aqueous solution 
was washed with ether (2 x 50 ml), cooled (0-5°), mixed 
with methylene chloride (50 ml), and finally acidified to 
pH 1-2 with aqueous hydrochloric acid (10% by wt). The 
methylene chloride layer was decanted and the aqueous 
solution was extracted with methylene chloride (3 x 100 ml). 
The combined methylene chloride solution was dried (anhydr. 


Na SO 4) and stripped of solvent to give crude 278 as a 


2 Kei 
pink solids (mp: LIZ=-V15">).- The product was of 


sufficient purity for direct use in the periodate cleayage 
reaction. 
Yields wf b6.g* 984, 
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278 


This experiment was performed by Dr. Spessard 
following the method described by Cornforth, Cornforth, and 


Popjak??? 


with important modifications. 

A solution of sodium periodate (30.3 g; 142 mM) 
in water (200 ml) was added rapidly to a cold (0-5°), stirred 
solution of the crude hydroxymethylene ketone 278 (7.54 g; 
ca. 46.5 mM) in dioxane (100 ml), under a nitrogen atmos- 
phere. After complete addition of the periodate solution, 
the cold reaction mixture was further diluted with water 
(200 ml). Stirring and cooling "was maintained for 120 hr 
during which aqueous sodium hydroxide solution (10% by wt; 
ca. 34 ml) was gradually added to hold the pH of the reac- 
tion mixture at 4.5-5.0. (After approximately 30 min, no 
further addition of base was required.) The mixture was 
stirred 4.5 hr at room temperature and then filtered 
through Celite. The collected precipitate was washed with 


dioxane (100 ml). The combined filtrate and washings was 


Concentraced (25° atts COL ato, 400 ml, acidiried to pH 
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t-2 with aqueous hydrochloric acid (10% by wt), extracted 
wich ether (lx 150 ml), saturated with sodium chloride, 
and again extracted with ether (4 x 150 ml). Washing the 
combined extract with saturated sodium chloride solution 
(100 ml) followed by drying (anhydr. MgSO ,) and evapora- 
tion of solvent afforded 214 of excellent purity, asa 
tan, granular solid. (The nmr spectrum of the dimethyl 
ester of this product contained no signals attributable 
tOethe trans lsomer.) 
Yield: +68. 6 ag7i962. 
endo-Bicyclo[4.2.1]nona-2,4-dien-7-ol (279) 

A solution of ketone 275 (freed of 274; 258g % 
16.0 mM) in ether (25 ml), maintained under nitrogen, was 
cooled to -78° and treated with an ethereal solution of 
Tithiumialuminum hydride (1.64 M;"5.5 ml; 9°70 mM). The 
Mixture was stirred for? 15 min at? 0°7 adi luted withtether 
(75 ml), and hydrolysed by the successive addition of 
water (0.33 ml), aqueous sodium hydroxide (15% by wt; 0.33 
ml), and water (1.00 ml). After work-up in the usual 
manner, the crude product was diluted in methylene chlor- 
ide, dried (anhydr. Na,SO,), Stripped) of, solvent, and 
flash distilled. Compound 279 was obtained as a white 


crystalline solid (mp 36.5-37.2°; recrystallized from 
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endo-Bicyclo[4.2.1]nona-2,4-dien-7-yl Acetate (285) 


A mixture of the endo alcohol" 279- (0.304-g7 "2; 24 
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mM), sacetic¥Yanhydrider (03457 g; 4.48 mM), and pyridine 
(SQ0emLSwas=stirredsat 70° for 6.0 hr. After the usual 
work-up, the product was flash distilled to afford pure 
285 as a colourless oil. 
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Yield: 0.394 g; 99%. 
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endo-Bicyclo[4.2.1l]nonan-7-ol (283) 
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After a vigorously stirred suspension of plati- 
num oxide (9.9 mg) in methanol (1.0 ml) had been reduced 
by hydrogen (1 atm; room temperature), a solution of 285 
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(40.0 mg; 0.224 mM) in methanol (1.5 ml) was introduced. 
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The’mixture* was" stirred ® for 2e5ehr; fii tered’ *and “stripped 
~of solvent. The residue was taken up in methylene chlor- 


ide, dried (anhydr. Na.,so and reconcentrated. Glpc 


280,), 
analysis (UCW-98, Carbowax 20m) indicated that 286 was 


vn 


homogeneous. The saturated acetate 286, dissolved in dry 
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methanol (1.59mi) ;*was treated: with’ a catalytic’ amount® or 
sodium methoxide (Cass o=mg; "0.9 mM), heated at reflux for 
15 min, cooled, and transferred into water (5° ml). Extrac- 
tion of the product with ether and drying in the usual 


Manner (methylene chloride and anhydr. Na SO,) gave pure 


2 


283 as a crystalline solid. 
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Yield: ca. 28 mg; 90%. 
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Préparation Of Diols 291 and 292 from endo Aicohol 279 
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A solution of endo alcohol 279 0 2154 eo -lels 
mM) and m-chloroperbenzoic acta U(o23epuLe, 206250 qs) n9 
mM) in methylene chloride (5 ml) was stirred at 0° for 
5.0 hr. Enough methanol was added to dissolve the preci- 
pitated m-chlorobenzoic acid and the solution was then 


esterified with an excess of ethereal diazomethane. After 


removal of solvents and excess diazomethane, the crude 
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allylic epoxides were taken up in methylene chloride, dried 
 (anhydic. Na,SO,), and again freed of solvent. 

Approximately two-thirds of the product (i.e. 
£comas0). 75 mM 279) was dissolved in dry tetrahydrofuran 
(5 ml), treated at 0° under nitrogen with a tetrahydrofuran 
solution of lithium aluminum hydride (1.9 M; 1.6 ml; 3.0 
mM), and stirred overnight at room temperature. The reac- 
tion mixture was hydrolysed and the product was isolated 
in the usual manner. Analysis by glpc (Carbowax 20m) 
showed the product to consist of mainly three compounds, 
m-chlorophenylmethanol, 291, and 292. Chromatography of 
the mixcure, onesilicic. acid. (2x;> 4.5) 97 and 2.0 -g° 1s meth-— 
anol in chloroform eluent) afforded a sample of diol 291 
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(90% pure; ca. 18 mg). (The total amount of diols 291 and 
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292 isolated after chromatography was ca. 98 mg, equival- 
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ent to a yield of 85%.) 
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Phe. svectral data, tor dio. 292 are reported in the follow- 


‘ing experiment. 


Bicyclo[4.2.,1]non-4-ene-2,8-diol (292) 
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A solution of pure diacetate 308 (Ms SOG. => ie 2. 
6.0 sng; 701067. 8imM)ssingdryveamethanolaGh.o «mL) ~wcontainang 
a small amount of sodium methoxide (ca. 4.0 mg) was heated 
at reflux for 15 min. The solution, maintained under nit- 
rogen, was cooled to -78° and neutralized (pH 6.5) with a 
stream of carbon dioxide. After warming to room temper- 
ature the solvent was removed under reduced pressure (20 
torr) and the residue was diluted in methylene chloride 
(2 ml) and dried (anhydr. Na,SO,). Evaporation of the 
solvent and flash distillation gave pure 292 as a colour— 
less oil. 
Yield: ca.71l070img; 100%. 
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ir 1 (CHCH 3604 cm ~ (m); 3426 (bm). 
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inated with 153% 291 and 10% unknown diol products; 5.9 mg; 
0.038 mM aS diols) in acetone (distilled from potassium 
permanganate; 1.5 ml) at 0° was treated with Jones' reagent 
(2:0 ile" 0. 053 mMCrO,), prepared by the method of C. Djer- 


2o0 The mixture was stirred for 5.5 


assi and coworkers. 
min, the reaction was quenched by adding two drops of 
methanol, and after an additional 0.5 min stirring the mix- 
ture waS poured into a solution of sodium bicarbonate (11.0 
mg) in water (3.0 ml). The aqueous solution was extracted 
with methylene chloride (4x4 ml). The combined extract was 
washed with water (4 ml) and concentrated to a small amount 
of oil. The product was taken up in methylene chloride, 


dried (anhydr. Na,SO,), and again stripped of solvent. 


Yield; ca. 5.4\mg. 


ir (CCl4): 3620 and 3484 om (w); 3028 (w); 1745 (s); 
7 Oc eCS jee 
uv (cyclohexane): Amax< ++ nm (end absorption); 299 nm 
(e=20). 


The saturated diols 306 and 310 were first pre- 
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pared from impure samples of 291 and 292. When the pure 
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crystalline diacetates 304 and 308 became available, the 
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syntheses of 306 and 310 were repeated starting from these 
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pure intermediates. These latter experiments are des- 


cribed below. 
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Bicyclo[4.2.1]nonane-2,7-diyl Diacetate (305) 


A vigorously stirred suspension of platinum oxide 
(16 mg) in ethyl acetate (1.5 ml) was reduced by hydrogen 
(l atm; room temperature). To the mixture was then added 
a solution of dlcueeernevnd 304 (pure; 96.9 mg; 0.405 mM) in 
ethyl vacetateo (lL. S’ml) RO PAbter slirrangpeoro Nine che 
mixture was filtered and the filtrate was concentrated to 
a colourless oil. Glpc (UCW-98) showed 305 to be pure. 
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Yield: 97 mg; 1003: 
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Bicyclo[4.2.1]nonane-2,7-diol (306) 
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The transesterification of 305 was performed as 
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described above for the preparation of pure 292. Thus from 


the treatment of 305 (50.0 mg; 0.208 mM) with hot methanol 


~~ ww 


containing a catalytic amount of sodium methoxide, the 
desired diol (306) was isolated as an oil. 
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14H). 


Bicyclo[4.2.1]nonane-2,7-dione (307) 


A cold (0°) solution of 306 (prepared from 90% 
pure 291; 17 mg; 0.1L mM) an acetone (distilled from potas— 
Sium permanganate; 1.5 ml) was treated with Jones' reag- 


ent t9 


(59 17702 85,7 “mM CrO 3) and stirred for 6.0 min. 
After quenching the reaction with a few drops of methanol, 
the mixture was poured into water (7 ml), which was then 
extracted with methylene chloride (4x4 ml). The combined 
extract was washed with aqueous sodium bicarbonate solu- 
tion (50% saturated; 6 ml) and saturated sodium chloride 
solution and was then dried (anhydr. Na,SO,). Evaporation 
of the solvent and flash distillation of the residue pro- 
duced the diketone 308 as a crystalline solid. The pro- 


duct was homogeneous on glpc (UCW-98; Carbowax 20m). 


Yield: 14 mg; 84%. 


if 1 


ir (CCl,): 1743 cm ~ (s): 1703 cm (s). 
nmr (100.1 MHz, CCl,): 1 6.92 (m, 1H); 7.20-8.00 (m, 8H); 
8.00-8.60 (m, 3H). 


In the preparation of 1,3-diketone 311 from 292, 
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the experimental procedures employed were analogous to 
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those used to prepare 307. For brevity, only the results 
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of the experiments are summarized below. 
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Bicyclo[4.2.1]nonane-2,8-diyl Diacetate (309) 


Hydrogenation of pure 292 (103.2 mg; 0.434 mM) 
gave 309, homogeneous by glpc (UCW-98), as a colourless 
Os. 

Yield: 100.4 mg; 963. 
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Bicyclo[4.2.1l]nonane-2,8-diol (310) 
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Treatment of pure diacetate 309 (43.2 mg; 0,180 
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mM) with hot methanol containing a small quantity of sodium 


methoxide led smoothly to diol 310. 


Yretas 826.55 mg7 94%. 


1 (m); 3430 (bm); 1265 (m); 1070 (m). 
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KNOWN 1G 10S) oun The, Crudewmixture sod «diols 30 and, 306.4025 


mg; 0.16 mM) in acetone was oxidized with Jones' reagent 
(10:3; suis:) 0.275: mM CrO,). The diketones were isolated as 
an oil. Glpc analysis (UCW-98) indicated the presence of 
Mainly two compounds. The smaller glpc peak exhibited 
retention times identical with those of 307 (prepared from 
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306) on two systems (UCW-98; Carbowax 20m). 
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Epoxidation of endo Acetate 285 and the Purification of 
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Diacetates 304 and 308 


The epoxidation of the endo acetate 285 with m- 
chloroperbenzoic acid and the subsequent reduction of the 
allylic epoxides with lithium aluminum hydride was exe- 
cuted in the manner employed previously for the conversion 
of the endo alcohol 279 into the diols 291 and 292, Thus 
a methylene chloride solution of acetate 285 (O38 3G} ea. 
mM) was epoxidized with m-chloroperbenzoic acid (82% pure; 
0.467 g; 2.22 mM) and the esterified (diazomethane) pro- 
ducts were reduced with a tetrahydrofuran solution of 


lithium aluminum hydride (1.30 Me 6,0 ml; 7.8 mM). By 


glpc (Carbowax 20m) it appeared that the two diols 291] 
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and 292 were formed in about the same proportion (ca. 60: 


vw nN 


40) as observed in the experiments with 279. The crude 
product was: filtered through silicic acid (8.0 g; 13% 
methanol in chloroform eluent) to remove the m-chloro- 
phenylmethanol and then was acetylated (acetic anhydride 
and pyridine; 70° for 6.0 hr). Glpc (Reoplex) indicated 
that besides the two expected diacetates, a third com- 
pound (presumably also a diacetate) constituted about 15% 
of the mixture. The two major diacetates were separated 
as crystalline substances by preparative glpc (Reoplex). 


Each was recrystallized twice from pentane. The physical 


data for the pure compounds are summarized below. 


Diacetate 304 
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mp 76.3-77.2° 


Iw) Sues 91370 wml ed OS ie 


ir (CCl,): 3034 cm 
nme (LOO 1 SMiz, CCl,): ge NTP Ge PAO Coy tbe (hubs ene) G 
Tec O leit, Teeny iSO Oro Oma eelso i )r. 
mass spectrum: calcd. for C1341 9°,: 230, 42008 
meas, m/e: 238.1209. 
analysis: calcd, for C1341 294: ORM Oe els ES 
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Diacetate 308 


mp 56.2-57.2° 
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LOMLCCL jig 3030, eminaluhe 1739) (sy. 


nmr (100.1 MHz, CCl,): 1 4.03 (m, 1H); 4.61 (m, 1H); 4.91 
Cin ge 2H esis 4 = Teed, > OU pam OTL er ey aula 
84 16 edie) soos 18 10% (Myeecil).. 
In ° e 
ASSeSpec CEUM sical ca as tor C1 3H) 204: 2352351205, 
mMeas=am/e: 5) 238571209). 
analysise— calcd. £Lor C) 3H) 29): CynoS. 53> eH e/a.01. 
found: 466574 *weH se 3.403 


n-Butyl OO-Hydrogen Monoperoxyphthalate (316) 
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The procedure of Ogata and Sawakit?4 was modified 
to make it more suitable for the preparation of 313. The 
effect of the modifications was examined on the yield for 
conversion of 315 to 316. The synthesis of 316 was car- 
ried out in the presence of cyclododecene to determine 
whether any epoxidation occurs during the addition of the 
acyl chloride to the excess of hydroperoxide. (Epoxida- 
tion under such conditions could arise if the mixing of 
the two solutions was not efficient.) 

To a cold (5°) mixture of aqueous sodium hydrox- 
ide (6.9 M7 1,96 mie 13.5 mM), magnesium sulphate (14 mg), 
and water (1.0 ml) was added aqueous hydrogen peroxide 


(Qe4"M 1, 44°>mls) 13.5 mM)" and finally purirred=dioxane® {2.5 


ml). A solution Of 315° [prepared from 0.517 9g (2.325 mM) 
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n-butyl hydrogen phthalate (314) and oxalyl chloride] and 
cyclododecene (mixture of isomers; 0.412 g; 2.48 mM) in 
purified dioxane (2.5 ml) was then Slowly introduced over 
3-4 min into the vigorously stirred, cold (4-7°) hydro- 
peroxide solution, The mixture was stirred for an addi- 
tional 10 min and diluted with water (10 ml) and the 
cyclododecene was extracted with ether (3 x 10 ml). [The 
combined extract was washed with water until the washings 
tested at pH 6.0, and was dried (anhydr. Na,SO,). The 
solvent was evaporated and the residue was examined by 
glpc. At most 2% cyclododecene epoxides were present. ] 
The diluted hydroperoxide solution was then added drop- 
wise into a cold (5°), vigorously stirred mixture of ether 
(10 ml) and aqueous sulphuric acid (1.92 MeaLO ml). After 
addition was complete, the mixture was immediately neu- 
tralized to pH 3.0-3.5 with dilute aqueous sodium bicar- 
bonate solution. The mixture was extracted with chloro- 
form (4 x 20 ml) and the combined extract was washed with 
water (30 ml) and dried (anhydr. Na,SO,). Quantitative 
analysis for peracid and residual hydrogen peroxide using 
standard methods (see for instance reference 132) indi- 
cated that 316 was formed in 70% yield. (Without modirti- 
cation of the experimental procedure of Ogata and Sawaki, 


the yield of 316 was 84%.) 
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endo-Bicyclo[4.2.1]nona-2,4-diene-7-yl Hydrogen Phthalate 
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The procedure cited in reference 151 was modi- 
fied somewhat for this experiment. 

A solution of endo alcohol 279 (Ons 49% ori 2. 56. nl) a, 
phthalic anhydride (sublimed; 0.419 g; 2.83 mM), and pyri- 
dine (0.480 mM; 6.08 mM) in dry benzene (2.5 ml) was 
stirred *at-70° =for 14 hry cooled? “and transferred into 
cold ms) aqueous hydrochloric acid (7 ¢ by wee lami). 

The mixture was extracted with chloroform (3 x 10 ml) and 
the combined extract was washed with aqueous hydrochloric 
acid (15 ml) and then water (15 ml). Evaporation of the 
chloroform left a colourless oil which was dissolved in 
an aqueous sodium carbonate solution (0.380 g Na,CO3, 3208 
mM; 20 ml water) and washed with ether (2 x 20 ml). The 
aqueous solution was then acidified with dilute hydro- 
chloric acid to pH 1.0 and extracted with chloroform (3x 
20 ml). The combined chloroform extract was washed with 
water (2x20 ml), concentrated to a white solid, dissolved 
in methylene chloride (20 ml), and dried (anhydr. Na,SO4). 
Evaporation of the solvent and recrystallization of the 
solid residue from ether--hexane afforded pure 317 (mp 
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ir (CHC1,): 3600-2400 cm (bm); 1720-1700 (bs); 1301 and 
2.38 CS))! 5 
nmr (CDC1,): T SOM Sts 27 1002 so Omi (Mm tart) =) 8s) t/ Oe 8G 
(MyeoH) +36 .384) (m, LH) 9 7,04—87 500m, sos 
lass spectrums, calca, mass ator Cy Ho 284.1049. 
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Bicyclo[4.2.1]nonan-8-0l-2-yl p-Toluenesulphonate (321) 


A solution of 310 [prepared from pure 308; dried 
by azeotropic distillation using dry pyridine: (2x4°m1)); 
20.0 mgs) O17 mM |-eand p-toluenesulphonyl chloride (36.2 
mg; O2185emM) “invdry*pyridines (170Eeml)ewasestoredsats0e 
for 30 hr. Thessolution was diluted with cold chloroform 
(5 ml), transferred into cold (5°) aqueous hydrochloric 
acid (7% by wt; 8 ml), and extracted with chloroform (5 
ml). The aqueous layer was saturated with sodium chlor- 
ide and again extracted with chloroform (4x5 ml). The 
combined organic extract was concentrated to 4 ml and was 
washed with cold aqueous hydrochloric acid (7% by wt; 
saturated with sodium chloride; 3 ml), cold aqueous sodium 
bicarbonate solution (50% saturated; 3 ml), and finally 
cold saturated sodium chloride solution (3 ml). After 
drying (anhydr. Na,SO,), the solvent was evaporated. 


Chromatography of the residue on silicic acid (2.0 g; 
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chloroform eluent) afforded 321 (>90% pure by nmr). 
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Yield: ca. 20.2 mg; 348. 


Pum) beliGO0 mim) bod and 79 


ir (CHC1.): 3600-3150 cm 
(sie 
eipvas! {CNG ONG Gm BLusirAa- CDCl): We 25.227 cm, 124) ¢ieer,y OF aim, €2u,) 3 


5 w00te(m, 2 Mh S66 ide, o..20- Hz. 


ae 
J.=7-8 Hz, 1H); 7.42-8.00 (m, 6H); 


8.0-9.1 (m, 10H). 


Bicyclo|[4.2.1]nonane-2,8—-diyl Carbonate (323) 


A solution’ of hydroxy tosylate 32], (15 mg; 0),048 
mM) and tetrabutylammonium hydrogen carbonate (prepared by 
accident from the air oxidation of the corresponding for- 
mate; 103 mg; 0.34 mM) in purified, dry acetone (4.0 ml) 
was stirred under nitrogen for 2 hr at room temperature. 
The solution was concentrated to 1 ml at reduced pressure 
and room temperature, transferred into water (4.0 ml), and 
extracted with methylene chloride (4x5.0 ml). The com- 
bined extract was concentrated to an oil, diluted in ben- 
zene (4.0 ml), washed with dilute aqueous sodium bicarbon- 
aces (pHesv>simexss 0am) drlcdm(anhydre Na,SO,), and strip- 
ped of solvent. The residue was chromatographed on sili- 
Giceacidy (0475 g; 30-50% chloroform in? carbon itetrachior— 


ide eluent). Compound 323 was obtained as a crystalline 
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286, 


solid, homogenous on glpc (UCW-98). 


Yield: ca. 80 mg 77°93 b. 
iL 


ir (CHC1,): 1738 cm ~ (s); 1396 (s). 
nm CLOCh MHz. CDC1.,): Te ROSS (ily eet) ise Wye eect. J 410 
Hz, J, =5-6 zi nL). 7 16 cag, vee 
S74 Hz, Jyel.5 Hz, 1H) 457 .30- 
9.00 (m, 13H).. 
mass spectrum (chemical ionization): (i) CHy; m/e 183 (P+1). 
(ii) NH 3; m/e 200 (P+18). 


endo,endo-Bicyclo[4.2.1]nonane-2,8-diol (320) 
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The carbonate 323 (6.0 mg; 0.033 mM) was treated 
with dry methanol which contained a small amount of sodium 
methoxide. The solution was refluxed for 25 min and then 
diluted “with water (170 ml) and acidified to pH 125 with 
concentrated hydrochloric acid. (Some gas was evolved 
during the acidification process--presumably carbon diox- 
ide.) The solution was concentrated to ca. 1 ml at room 
temperature and reduced pressure, transferred into water 
(2.0 ml), saturated with sodium chloride, and extracted 
with methylene chloride (4x3 ml). The combined extract 
was waShed with saturated sodium chloride solution and 


dried (anhydr. Na,SO,). Removal of solvent and sublima- 


tion of the product gave 320 as an oil. 
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